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PREFACE ANN gt 

The Hydrographic Manual has been prepared and is issued to provide a textbook 

in which modern methods of hydrographic surveying and equipment are described. 
In it are stated the general requirements of the United States Coast and Geodetic 
Survey for the execution of hydrographic surveys. It is one of a series of manuals 
covering the various survey operations of the Bureau. 

This Manual describes in detail for the first time instruments and methods used in 

echo sounding and Radio Acoustic Ranging. Many of the methods and details con- 
tained herein are based on the reports of officers and employees of the Bureau, too 

numerous for individual mention, who by their zeal and ingenuity in devising or develop- 

ing new methods and equipment have contributed largely to the progress of hydro- 

eraphic surveying during recent years. This is particularly true of the Radio Acoustic 
Ranging method of locating the positions of soundings, which has been brought to 
its present state of efficiency by this Bureau through the untiring efforts of personnel 
interested in attaming greater accuracy and reliability. 

The subject matter in this Manual has been identified by a decimal numbering 
system and all referencing is by these numbers. The reader should understand the 
significance of these numbers. There are nine chapters, each of which is divided 

into not more than nine sections. Each section is subdivided into not more than 

nine subjects and each subject into not more than nine numbered headings. The 

first digit of a number identifies the chapter, the second digit the section, the third 

digit the subject, and the fourth the heading. For example 7326, Verification of the 
Projection, is the sixth heading under the second subject in the third section of chapter 
7, entitled “The Smooth Sheet.”’ 

This edition of the Hydrographic Manual has been prepared under the direction 
of Captain Gilbert T. Rude, Chief of the Division of Coastal Surveys. Much valuable 

assistance and advice have been received from officers and personnel both in the field 
and Office. Several officers contributed to the actual compilation of the text, but 
special credit is due to Commander Henry B. Campbell who wrote section 91, Coast 

Pilot, and to Lieutenant Commander John C. Mathisson and Mr. Thomas J. Hickley, 
associate electrical engineer, who wrote most of chapter 5, Echo Sounding, and chapter 
6, Radio Acoustic Ranging, and to Mr. Aaron L. Shalowitz, principal cartographic 
engineer, Division of Charts, for his collaboration in writing chapter 7, The Smooth 
Sheet, and for his assistance in reviewing and editing the entire manuscript. 
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DEPARTMENT OF COMMERCE, 
Unitrep States Coast AND GEODETIC SURVEY, 

Washington, D. C. 

The requirements for hydrographic surveying in this edition of the Hydrographic 
Manual supersede all previous manuals, instructions, and circulars on the pertinent 
subjects and, together with the Regulations for the Government of the United States 
Coast and Geodetic Survey, shall be complied with in executing all hydrographic 
surveys unless divergence therefrom is authorized in_ the instructions issued for each 

project. 
Leo Orts Co.LBeErt, Director 
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Hydrographic Manual 

CHAPTER 1. PRELIMINARY 

ll. GENERAL STATEMENT 

Every important maritime nation surveys its coasts and territorial waters and 
publishes nautical charts of the world sea routes. Nothing has been of more importance 
in the establishment and development of a merchant marine than the production of 
nautical charts, which in turn must be based on accurate hydrographic surveys. As 
long as sea-borne commerce continues, hydrographic surveys will be required. 

Few of the coasts of the world have been adequately charted and the depths in 
most of the water areas are still only imperfectly known. Furthermore, even where 
adequate charts have once been made, man and nature are constantly changing the 

depths of the water, the coastline, and the adjacent structures, so that frequent revision 
surveys are required. Moreover, the increased draft of vessels and the importance of 

maintaining schedules call for more critical surveys, and render charts and surveys 
obsolete which once were considered adequate. 

Formerly, no extensive survey of the bottom configuration was made except in 

the lesser depths near the shore, in channels, and in the vicinity of shoals. Today, a 
detailed hydrographic survey is required regardless of the depth, for the bottom con- 
figuration where accurately indicated on a chart may provide a simple means of locating 
a vessel underway from a series of soundings taken with an echo-sounding instrument. 

The same instrument allows the detailed surveys to be made expeditiously, it being no 
longer necessary to stop the ship to obtain the deeper soundings. 

111. INTRODUCTION 

The first hydrographic information available for the use of mariners was in the 
form of written descriptions of the coasts along which they sailed. These were crude 
beginnings of what we now know as Sailing Directions, or Coast Pilots. At first, 

they probably consisted of the merest details of headlands. As the early seafarers 
ventured farther from home, it was found desirable also to preserve information con- 

cerning the channels and harbors, and the dangers to be avoided along such routes. 
These descriptions were primarily for the safety of the mariner and were first 

prepared by the mariners themselves, who passed from one to another the details 

of the routes to be followed and the places visited. They may have been accompanied 
by crude sketches and if so, these were the first maps prepared especially for the use 
of seafarers. That they were of utilitarian value only, may account for the fact that 

they were not permanently preserved. 

The first marine charts of which there is actual record are those constructed by 

Marinus of Tyre during the second century. He was followed by the Egyptian 
Ptolemy who made use of his charts. Ptolemy published a list of places to which. 

PaGE | 



1a 4 HYDROGRAPHIC MANUAL PaGE 2 

he tried to assign proper geographic positions and included in his work the mathe- 

matical principles for the scientific construction of maps. He refers to maps which 
are supposed to have been a part of his original work. At any rate maps were de- 
lineated from his data a century or more later. 

During the next thousand years there was little progress in cartographic knowledge. 
In fact there was retrogression, for the knowledge that the earth was a globe was 

largely lost sight of and there was a return to the popular belief in its flatness. The 

Crusades, the development of commerce by the cities of Italy, and a knowledge of the 
properties of the magnetic needle, all combined to revive an interest in cartography 
and led to the development of the Portolan Charts in about the fourteenth century. 

The Portolan Charts were intended primarily for the use of mariners, and Italy 
and Catalonia, the two foremost maritime countries of the age, were principally respon- 
sible for their development. They were compiled from the exploratory surveys of the 

period but were most notable for the loxodromic, or rhumb, lines with which they were 
covered. No projection was used in the construction of these charts but they were 
generally drawn with considerable care. An attempt was evidently made to represent 

the coasts of the various countries in mutual relationship to one another based on the 
distances and courses actually run between points. The oldest Portolan Chart now 

extant, which can be accurately dated, is credited to Petrus Vesconte in 1311. 

The era of exploration and discovery which immediately preceded and followed 

the discovery of America by Columbus, and the invention of printing in the fifteenth 

century, contributed to the renaissance of map and chart making in the fifteenth and 
sixteenth centuries. It was during this era that Mercator published his well-known 

world map in 1569, on the projection which bears his name. His was the first real 
attempt to base a map on a mathematical projection. The meridians and parallels 

are represented by straight parallel lines intersecting one another at right angles. 

The meridians being equally spaced on this form of projection, the intervals between 

the parallels of latitude are increased proportionally to compensate for the actual 
convergence of the meridians on the earth. This projection is now almost universally 

used for the construction of nautical charts, since it facilitates rhumb-line navigation. 
Mercator was certainly the foremost cartographer of his generation and, in the opinion 

of some, his projection is the greatest contribution of all time to the modern nautical 
chart. 

112. THe NauticaL CHart 

A nautical chart is a reproduction, on a reduced scale, of some portion of the 

navigable part of the earth’s surface. It is a map constructed to serve the needs of 

the mariner. It usually includes the adjacent land area, but its principal function is 

to show the depths of the water and the menaces to navigation which are to be avoided. 
It should emphasize the shore features of most use to the mariner and must include 
all artificial aids to navigation. 

The earth’s surface is spheroidal and any portion of it, no matter how small, is a 
convex surface. For convenience in construction and use, the portion included on a 
chart must be represented on a plane surface. Since it is impossible, even by curving it, 

to make a flat piece of paper coincide with the surface of a sphere, it is obvious that 

a strictly accurate representation of a portion of the earth’s surface is not possible on 

a piece of paper. Some distortion is inevitable, but the smaller the area embraced, 

the less appreciable will be the errors of representation, until in harbor charts and others 

of large scale and small extent these errors are scarcely measurable. 
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A modern nautical chart, compiled from an accurate survey, is necessarily based 
geographically on some definite form of projection. Numerous types of projections 
have been devised, each with a particular purpose in view, but the two which have 
properties peculiarly useful in navigation are the Mercator and the gnomonic. 

1121. The Mercator Projection 

The Mercator projection was invented by Gerhard Kramer (Mercator) in 1569, 
and practically all modern small-scale nautical charts and many large-scale ones are 
constructed on it. For nautical charts, then, except in high latitudes, the Mercator 

projection has attained an importance far above all others. It is a type of projec- 
tion, derived by mathematical analysis, in which the meridians are straight equally 
spaced parallel lines, and the parallels are straight parallel lines at right angles to them 
but whose distances apart for a sphere increase at a rate varying with the secant of 
the latitude. 

The projection has a number of advantages, among which are simplicity of con- 
struction, convenience in plotting positions from the border divisions, and the fact 

that on it alone a course can be laid off from any meridian or compass rose within its 
borders. Its principal advantage, however, and the one responsible for its world-wide 
use for nautical charts, is that any straight lime drawn on it in any direction is a rhumb 
line, or loxodromic curve. The track of a ship on a constant course is a straight line 
on the projection and it will, theoretically at least, pass all features along that line 
exactly as they are charted. This is a great advantage in extensive coastal navigation, 
in that the straight line representing a constant course made good will indicate at once 
the distance abeam darleers will be passed. 

Disadvantages of the Mercator projection are that it exaggerates areas appreci- 

ably—seriously where an extensive north and. south area is included—and that the 
scale is constantly changing with latitude, so that a graphic scale cannot be used on the 
smaller-scale charts, making it necessary to measure distances along the border divisions 

for the latitudes in which the distance lies. 
Most of the nautical charts published by the Coast and Geodetic Survey and all 

newly constructed charts are on the Mercator projection. The most recent and best 
tables, and those used by the Coast and Geodetic Survey, for the construction of 

Mercator projections are those-issued by the International Hydrographic Bureau at 

Monaco, 1928. 
Much information about the Mercator projection and its construction is contained 

in The American Practical Navigator (Bowditch), pages 38 to 40, and in Coast and 
Geodetic Survey Special Publication No. 68, Elements of Map Projection. The latter 
publication also contains tables to three decimal places, which accuracy is sufficient for 

all practical purposes. 

1122. The Gnomonic Projection 

The gnomonic projection is a perspective projection upon a tangent plane, the 

projecting lines radiating from the center of the sphere. Obviously only a limited 

portion of the globe can be represented on this projection. 
Its one special property of value to seamen is that any line of sight, or part of a great 

circle, is represented by a straight line on the projection. Thus all plotted bearings, 
either visual or radio, are straight lines, and by it a mariner can readily determine the 
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shortest route between any two points. In almost every other respect the projection is 
faulty. The scale is not constant, but increases from its constructional center outward, 
so that distances, areas, and shapes are very much distorted near its boundaries. 
Azimuths, except at the point of tangency, can be plotted only by means of a specially 
constructed compass rose. 

Gnomonie charts are used principally in connection with great-circle sailing for 

finding the shortest possible track line between any two points and the course at any 
point along the track. Polar regions, where the Mercator projection is nearly useless, 
are also charted on this projection. 

The projection and its mathematical theory are treated more fully in Special 
Publication No. 68. 

1123. The Design of a Nautical Chart 

A nautical chart is designed solely with reference to the needs of navigat on in a 

certain area. But even in one area there is a variety of needs; a transoceanic liner 

entering a port and restricted to the main channels does not need the same information 
on a chart as a tugboat which may not follow the regular channels and may be required 
to venture into unfamiliar places. A variety of scales of charts to meet various needs 
is required. 

The nautical charts published by the Coast and Geodetic Survey are constructed 

on certain convenient standard scales, which are almost invariably multiples of the 
proportion 1:10,000. The standard scale of a Mercator chart generally applies to its 
middle latitude. For convenience in navigating on adjacent charts, some are grouped, 
and the standard scale applies to an appropriate latitude of the series; thus the scale of 

adjacent charts is the same in the overlapping area, but the scale at the middle latitude 
of each chart of the series may differ from the standard. 

The limits of a nautical chart must be decided by the needs of navigation. Each 

must include near its limits suitable features for use as points of departure, and adjacent 

charts must overlap so that they include a common prominent feature. Because of 
these requirements it is customary to plan charts in a series, even though there is no 
mmediate prospect of needing more than one or two of the series. 

1124. Compilation of Charts 

Nautical charts are compiled from the field surveys of the Bureau and from miscel- 
laneous data from various sources. It is extremely rare that a hydrographic survey is 
directly reproduced as a nautical chart, even at a reduced scale. Compilation is a 

process of evaluation of the available data, from which selection is made. Those fea- 

tures that are of little interest to the mariner are generalized or omitted altogether if 
they interfere with, or obscure, data of navigational value. By contrast, those features 

of greatest navigational importance are accentuated so they will not be overlooked. 
Some chart users erroneously believe that a multitude of soundings on a chart is 

evidence that the region has been thoroughly and adequately surveyed. Of course, if 
only a few soundings were taken, only a few can be charted and the reconnaissance 
nature of the survey is clearly indicated by their arrangement on the chart. But, if 
there is a sufficient reduction from the scale of the survey to the scale of the chart, the 
area may appear to be well covered and the mariner is lulled into the belief that the area 
has been well surveyed and that he may navigate it in safety. 
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1125. The Datums of a Nautical Chart 

A nautical chart may be said to have two kinds of datums; vertical datums to 
which the depths and elevations are referred, and a horizontal datum to which features 
are referred by latitude and longitude. 

The sounding datum, or the chart datum as it is sometimes called, is the plane 
of reference for the charted soundings; it is a tidal plane. The sounding datum is 
noted prominently in the title of each chart published by the Coast and Geodetic Survey; 
with minor exceptions, all depths on charts in the Atlantic Ocean are referred to mean 

low water (MLW) and those in the Pacific Ocean to mean lower low water (MLLW). 
(See also 2172.) . 

The vertical datum for elevations, with minor exceptions, is mean high water 

(MHW) for all nautical charts of the Coast and Geodetic Survey (see 2173). 
The geographic datum, also called horizontal or geodetic datum, is the adopted 

position in latitude and longitude of a single point to which the charted features of a 

vast region are referred. Charts of waters bordering the United States are either on 
the North American datum or the North American datum of 1927; other charts are on 

various other datums, not connected with the continental triangulation. (See also 

2171.) Most charts of the Coast and Geodetic Survey do not indicate the datums 
they are on, but the legend “‘N.A. 1927” in the upper right-hand corner of the border of 
any chart, signifies that it is on the North American datum of 1927. 

1126. Chart Accuracy 

The most important criteria by which the value of a nautical chart may be judged 
are its accuracy, adequacy, and clarity. A lack of any one of these may result in a 
marine disaster with consequent loss of life and property. Except for blunders in 
compilation, accuracy depends directly on the quality of the field surveys; the hydrog- 
rapher and the cartographer are equally responsible for the adequacy, but the cartog- 
rapher alone can embody clarity in a chart. 

The nautical charts of the Coast and Geodetic Survey are noted for a clarity of 
which the cartographers and lithographers may well be proud, a quality toward which 
the Bureau has ever striven. And where the charts are based on modern surveys, 

their accuracy and adequacy are second to none. 
The accuracy of a nautical chart is dependent on the accuracy and adequacy of 

the hydrographic surveys from which it is compiled; it cannot be more accurate. In 
general, it may be said that the date of a survey is an indication of its thoroughness 

and accuracy. A century ago there were such vast unsurveyed areas that the hydrog- 
rapher was sometimes obliged to subordinate completeness and accuracy to speed, 

for even an inadequate chart is better than none at all. Since that time, decade by 
decade, standards have become stricter, and new methods and instrumental equipment 

have been devised and the former ones developed to greater perfection. 
The scales of most hydrographic surveys are at least twice, and often several times, 

as large as the publication scales of the charts on which the information appears. The 

effect of this reduction in scale is to reduce the errors of plotting to an amount which, 
for all practical purposes, is not measurable at the chart scale. 

1127. Dates on Charts 

The dates of the surveys from which a chart has been compiled are an important 
indication of the present trustworthiness of a chart, and this is especially so in a change- 
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able area. In the legend of Coast and Geodetic Survey charts under the heading 
“Authorities” will be found information of value relative to the dates of surveys. It 
should be noted that limits of surveys do not necessarily correspond with chart limits, 
and on small-scale charts, especially, the results of many surveys of various areas and 
dates may be embodied. 

In addition to the dates given in the authorities note, there are three important 
publication dates on every chart issued, whose significance should be understood. 
These are termed edition date, print date, and hand-correction date. 

The edition date appears in the publication note in the center of the lower margin 
of the chart. It is changed when a new edition is issued. A new edition is issued 
whenever corrections to the chart are of such extent and importance as to make all 
previous copies of the chart obsolete. The date does not necessarily indicate that the 
chart has been reconstructed, nor does it necessarily have any reference to the dates of 
the surveys. 

The print date is the date, or the farthest to the right of a series of dates, appearing 
in the lower left-hand margin of the chart. The printing plates are corrected for all 

essential applicable information received prior to this date. 
The hand-correction date, or date of issue, is impressed by rubber stamp in the lower 

right-hand margin of the chart near the printed note which reads “Lights, beacons, 

buoys, and dangers corrected for information received to date of issue.” All changes 
in aids to navigation, newly discovered dangers, and other important data which are 
published in the Notices to Mariners subsequent to the print date are added by hand 
before issue. | 

113. THe Hyprocraprnaic SURVEY 

The principal object of all hydrographic surveying is to secure information con- 
cerning the water areas and the adjacent coasts for the compilation of nautical charts 
and Coast Pilots and for their correction. 

1131. Combined Operations 

Hydrography is that branch of applied science which deals with the measurement 

and description of the physical features of the navigable portion of the earth’s surface 
and adjoining coastal areas, with special reference to their use for the purpose of 

navigation. As such, it embraces a great variety of activities including: Astronomic 

observations, triangulation, and topographic surveys of the coasts; the observation and 
study of tides and currents; magnetic surveys; oceanography; the measurement of the 

depths of navigable waters; and the collection of various kinds of data needed in 
compiling and correcting nautical charts and Coast Pilots. 

In a broad view, all of the above activities are included in hydrographic surveying, 
and a hydrographer will eventually be called on to perform each of them. In the 
Coast and Geodetic Survey many of these operations at times are conducted by sepa- 
rate parties, each organized and instructed especially for one specific duty, and because 

of this not all of the operations are considered as being included in hydrographic 
surveying. 

In the Coast and Geodetic Survey the combined activities of a hydrographic party 

are termed combined operations, and a survey party whose principal work is sounding 
is said to be engaged on combined operations when its duties include other activities 

such as triangulation, topographic surveying, tide and current observations, and 
magnetic observations. 
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1132. Hydrographic Surveying 

As used in the Coast and Geodetic Survey, hydrographic surveying is one phase of 
combined operations and in this limited sense may be said to consist of three essential 

operations—sounding; location of soundings, and aids and menaces to navigation; and 
records: 

(a) Depth measurements, usually called sowndings, are made throughout the area being surveyed. 

This includes the determination of the nature of the bottom at selected intervals, and the measure- 

ments of some of the physical characteristics of sea water, such as water temperatures and salinities 

at various depths. Data may be collected for oceanographic research, such as specimens of bottom 

material and water samples. 

(b) The positions of the soundings are determined by reference to control stations; numerous 

features, such as rocks, reefs, wrecks, and aids to navigation, are located and examined so that they 

may be charted for the guidance of navigators. 

(c) All data are recorded and plotted to provide permanent records of all the information ob- 

tained during the survey and to serve as a basis for the construction of nautical charts and the com- 

pilation of Coast Pilots. 

1133. Survey Projection and Scale 

Although most nautical charts are constructed on the Mercator projection, all 

original field surveys are plotted on the polyconic projection which is especially useful 
for this purpose (see 7321). 

The scales of the surveys are chosen with respect to the amount of detail in the 
area and are usually at least twice as large as that of the largest-scale chart to be pub- 
lished of the area. The scales are almost invariably multiples of the proportion 
1:10,000. (See 123.) 

1134. By-product Value of Surveys 

In addition to their use in chart compilation, hydrographic surveys and other 
combined operations have an important by-product value. For many parts of the 

coast the topographic surveys are on a larger scale than are available elsewhere, and 

for some areas, especially outside the continental limits of the United States, they are 

the only topographic surveys existent. The results of the surveys are valuable for 
military defense, for planning harbor improvements, for the study of physical hydrog- 

raphy, beach erosion and other shoreline changes, and for oceanographic studies. 

For much of the coastal area the early topographic surveys of the Bureau are the 
earlhest authentic records of shoreline conditions and the detailed topography of the 
adjacent terrain. These and the periodic revision surveys of the constantly changing 

shoreline have a historic value, in addition to their value in land disputes. 
The periodic hydrographic and topographic surveys are of great and increasing 

importance in the study of shoreline changes. The history of beach evolution during 
the past century can often be deduced from the records of the Bureau, with the result 
that the engineer can frequently determine the character of the forces which he seeks 
to control. 

Students of the earth sciences have been handicapped in the past by their 
inability to investigate the vast unknown areas beneath the ocean surface. Except for 
the fringe along the coasts, soundings, even where taken, were so widely spaced and so 
inaccurately controlled in position as to give little basis for scientific conclusions. 
Gradually, with the perfection of echo sounding and more accurate methods of control, 
the submarine relief is being revealed, particularly that of the submerged continental 
margins. It is now possible not only to discover and chart the submarine features 
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but to survey even the precise details of form. In recent years submarine valleys along 
the continental slopes which were only partly known or suspected have been disclosed 
in surprising detail. 

The hydrographic surveys have an extremely interesting and important significance 
for the geomorphologist; the submerged portions of the continental masses are being 

slowly revealed, and a better understanding of that part of earth history hidden beneath 
the sea is in prospect. 

114. THe Hyprocrapaic MANUAL 

This Manual is one of a series published by the Coast and Geodetic Survey to 

describe the methods and equipment and to state the general requirements for the 
various survey operations. As explained in 1132, hydrographic surveying is considered 

to be only one phase of combined operations, for each phase of which there is a separate 

manual. 
To avoid duplication, this Manual treats principally of the operation of sounding 

and of the details of hydrographic surveying after a topographic survey has usually 
been made and is available. It does include some important phases of other operations, 

particularly as applicable to hydrographic surveying, and supplements other manuals 
where the requirements have been changed. 

For combined operations eacli hydrographic survey party needs continually at 
hand the following manuals, and frequently has use for many of the publications of the 
Bureau listed in 952: 

Special publications 

No. 118. Construction and Operation of the Wire Drag and Sweep. 

No. 144. Topographic Manual. 

No. 145. Manual of Second- and Third-Order Triangulation and Traverse. 

No. 196. Manual of Tide Observations. 

No. 215. Manual of Current Observations. 

Serial No. 166. Directions for Magnetic Measurements. 

It should be noted that in this Manual the expression “hydrographic surveying”’ 
is almost always used in its limited sense, to refer to operations described in 1132, 

although occasionally it may be used in the broad sense to include combined operations. 
Likewise, the term ‘‘hydrographer,”’ as used, almost invariably refers to the officer in 

immediate charge of the hydrographic survey unit. For a survey ship, the hydrog- 
rapher is, of course, the Commanding Officer; but for smaller units, the officer responsible 

for the daily operations of the unit, even though only temporarily assigned to such duty, 

is the hydrographer. 
12. PROJECT 

The field operations of a hydrographic survey in a specified area are considered a 
project, and to each project is assigned a number such as CS—253, the letters being the 
abbreviation for Coastal Surveys. Former numbers of the series were preceded by the 
initials HT-, which stood for Hydrography and Topography. 

Each project is considered a “project of combined operations,” since contem- 

porary surveys of other types are usually required in connection with the hydrographic 
surveys in any area. 

A project may consist of two or more minor surveys of a similar type in nearby 

areas even though the areas are not adjoining. The size of any one project is such 
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that it usually takes one survey party at least one season and perhaps several consecu- 
tive seasons to finish it. 

121. Progect INSTRUCTIONS 

Instructions, known as project instructions, are written for each numbered project 

to supplement the published manuals. The details of the instructions vary from 
specific to general, depending on the locality, whether there have been prior surveys 
by this Bureau in the area, and whether these were of a reconnaissance nature or were 
adequate at the time they were made. The instructions define the limits of the project 
area and indicate specifically what operations are to be performed, by what methods, 
and to what degree of accuracy. Frequently the purpose of the project is mentioned. 

A copy of a chart of the area on an appropriate scale is usually furnished with the 
instructions, on which the limits of the project and the limits of all applicable prior 
hydrographic and topographic surveys within the area are indicated. The Chief of 
Party is furnished, without request, with copies of all existing data which are believed 
to be required for the operations. He should examine these thoroughly, on receipt, 
in connection with the instructions, to assure himself that all the necessary data have 
been included. If omissions are discovered or the data forwarded are considered in- 

sufficient, he should request from the Washington Office any additional data required. 
Occasionally it becomes necessary to issue supplemental instructions to modify 

or supplement the original instructions, as where the progress of the survey discloses 

additional facts regarding the characteristics of the area. In all correspondence, all 
Descriptive Reports, season’s reports, and special reports, which refer to the operations 

of the project, reference shall be made to the project number, followed, in parentheses, 

by the year in which the instructions were issued, as for example, CS—251(1939). If 
supplemental instructions have been issued, reference to these shall also be made when 
they are applicable. 

The Chief of Party shall acknowledge the receipt of all project instructions and 
supplemental instructions. He is required to make a careful study of them as soon 
as the instructions and the accompanying data are received. He should report to the 

Washington Office immediately any revisions of the requirements which he recom- 
mends, any parts of the instructions which are not clearly understood, or any subjects 
relative to the project about which he desires more complete or additional information. 
The Chief of Party is urged, if the progress of the operations discloses the need therefor, 
to make specific recommendations for amendments to the original instructions or 
recommendations for the requirements of succeeding seasons’ operations in the same 
or adjoining areas. 

Ordinarily the project instructions will be divided into and treat of the following 
subjects: General, control, topography, hydrography, tides, and miscellaneous. Oc- 
casionally additional subjects are included, among which may be magnetic and current 
observations. 

1211. General Instructions 

In the general part of the project instructions the limits of the areas which are to 
be surveyed are specified, the offshore limits sometimes being defined by depths. The 
part of the area in which operations are to be begun is specified and the desired direction 
of progress. When two or more Chiefs of Party are assigned to operate in the same 
area on the same project, their respective operations and the division of authority 
are defined. 
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1212. Instructions for Geodetic Control 

Copies of progress sketches of all previous triangulation within the area will 
ordinarily be forwarded with the project instructions, as well as copies of all geodetic 
positions and descriptions of stations which the Chief of Party is likely to need to 

carry out his instructions. The project instructions will ordinarily state whether 
new triangulation is necessary, and if so, the requirements as to order of accuracy. 

If ares of new triangulation are contemplated, the junction to be made with previous 
triangulation will be specified. 

The instructions will often require that a search be made for, or that descriptions 
be written for, specific stations concerning which there is a known deficiency in the 
records at the Washington Office. Where geodetic control of other organizations is 
known to exist within the area, specific instructions for a connection thereto are generally 
included. Where there are objects of particular landmark value or important stations 
whose geodetic positions are known to be desired, the instructions will specify that 
these be located. . 

Unless otherwise specified by the project instructions, the principal geodetic control 

for all coastal hydrographic projects shall consist of stations located by second-order 
triangulation at intervals of about 5 miles along the coast, supplemented by inter- 
mediate stations located with third-order accuracy at intervals of about 2 miles aleng 
the coast. If the character of the terrain makes triangulation impracticable, the prin- 
cipal geodetic control of hydrographic projects may consist of second-order traverse with 
stations established at intervals of 2 miles along the coast. 

All geodetic control shall consist of recoverable stations permanently marked by 
standard station marks, and natural objects which are recoverable without special 
marking. All geodetic control shall be established in accordance with the specifications 
and instructions contained in Special Publication No. 145, Manual of Second- and 

Third-Order Triangulation and Traverse, except as amended by section 22 of this 
Manual and by the project instructions. 

1213. Instructions for Topography 

The project instructions will ordinarily specify to what extent topographic surveys 

are to be made, whether air photographic surveys of the area are anticipated in the 
near future, and whether the survey is to consist of a graphic control survey merely for 

the location of the hydrographic signals, a complete planetable survey of the shoreline 
and adjacent topographic features, or a revision survey of the shoreline and a verifica- 
tion of the other details from former topographic surveys of the area. 

The scales of the topographic surveys are usually specified, even though they are 

ordinarily dictated by the scales of the inshore hydrographic surveys of the respective 
areas. A Chief of Party has the authority to make the topographic survey of any 
important part of the area at a larger scale than specified if, in his opinion, the larger 
scale is needed to provide for an adequate and fully developed hydrographic survey of 
the area. . 

The project instructions will generally specify where junctions are to be made with 
prior surveys and what steps are to be taken, if a check is not obtained at the junctions. 

Photographic copies of prior topographic surveys which may be needed by the 

Chief of Party are furnished with the istructions. Blue-line prints of planimetric 
maps, if available, will ordinarily be furnished for possible revision of the shoreline and 
adjacent topographic detail. 
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All planetable topographic surveys shall be made according to the requirements 

and instructions contained in Special Publication No. 144, Topographic Manual, except 
as amended by section 23 of this Manual and by the project instructions. They shall 
always be made on aluminum-mounted sheets unless otherwise specified. 

1214. Instructions for Hydrography 

The project instructions will ordinarily specify: 

(a) The limits of the area to be surveyed, the junctions to be made with prior surveys, and the 

overlap required if a satisfactory check is not obtained at the junctions. 

(b) The scales of the hydrographic surveys in different parts of the area. For coastal surveys 

the offshore limit of each scale is often defined by the depth of the water. Sometimes only the basic 

scale for the inshore hydrographic surveys is specified and the Chief of Party will be expected to 

select the appropriate offshore scales for an adequate systematic survey and development of the 

area, takmg into consideration the available control. The Chief of Party is always authorized to 

use larger scales for any small parts of the area for which he deems it essential, as for example, im- 

portant small harbors and anchorages. 

(c) The maximum spacing between sounding lines for different parts of the area, sometimes only 

in a general way. The limits of the zones may be defined by distances offshore or by depths. It is 

to be noted that these are maximum spacings and the hydrographer is expected to reduce them if, 

in his opinion, this is necessary for an adequate development of any part of the area. 

(d) The desirable direction or azimuth of the principal system of sounding lines to be run in the 

area, although the hydrographer should use his judgment regarding this, in order that the area may 

be most adequately and economically surveyed. 

(e) The percentage of crosslines to be run, if any, as a check on the accuracy and adequacy of 

the survey. 

(f) The depth curves which are to be drawn on the boat sheet, to aid in determining whether 

the area has been adequately surveyed and whether all indications of shoals and dangers have been 

investigated. 

(g) That all critical depths and dangers to navigation on existing charts be proved or disproved. 

Reported shoals that require investigation may be individually mentioned. 

(h) That certain areas which are periodically surveyed or have recently been surveyed by another 

agency be omitted, if such survey appears adequate and a satisfactory check of the depths can be 

obtained at the junctions. 

(z) Any special development which may be required to delineate certain submarine features more 

completely than is otherwise specified for such depths. 

(j) The interval between recorded soundings when the depths are to be read visually from 

an echo-sounding instrument. In the absence of such instructions at least as many soundings must be 

recorded as are ordinarily inked on the smooth sheet (see 7724). 

(k) The number of R.A.R. (Radio Acoustic Ranging) returns considered adequate to fix a posi- 

tion, where this method of control is used. 

(l) The required frequency of bottom characteristics. 

Photographic copies of all prior hydrographic surveys with which junctions are 
required are furnished with the instructions, as well as photographic copies of the 

most recent hydrographic surveys of the entire area, if the latter are believed to be of 

value to the hydrographer. 

1215. Instructions for Tide ‘Stations 

For the vertical control of the hydrographic surveys a knowledge of the height of 
the tide above the sounding datum is necessary at all times during hydrographic surveys. 
For this reason tide observations must be made at selected places within the project 
area, both for use in reducing soundings to the sounding datum, and for use in deriving 

data for the prediction of tides. 
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The project instructions will ordinarily specify what tide station is to be used as 
a standard for the project and where it is located if an existing station can be used, 
or where it is to be located if it is to be established by the survey party. An inspection 
of and a report on an existing standard gage may be required. 

Supplemental tide stations are generally required and the instructions will specify 
how many of these are necessary and the desired locations. The minimum length of 
time each supplemental tide station is to be maintained will be stated. A Chief of 
Party is authorized to depart from the specified locations if, on examination, they 

appear impracticable. 
Copies of the descriptions of previous tide stations in the area, with the eleva- 

tions of the bench marks and the heights of the datum planes at each, will be furnished. 
After the receipt at the Washington Office of the records of the establishment of a 

new station, including the level records and at least 2 weeks of satisfactory tide observa- 
tions, a preliminary plane of reference can usually be derived for use in the determina- 
tion of the tide reductions to be applied to the soundings. This plane of reference will 

be furnished to the survey party on request, but the request should be deferred until 

the datum is actually needed. 
All tide stations shall be established in accordance with the instructions contained 

in 143 and in Special Publication No. 196, Manual of Tide Observations (revised 1941 
edition), except as amended by the project instructions. 

1216. Shore Magnetic Observations 

The project instructions may require magnetic observations at certain existing 
stations or at new stations to be established within the project area. The Washington 

Office will either specify a standard station at which the instrument used for the mag- 
netic observations shall be standardized at the beginning and end of the season, or 
issue instructions to return the instrument to the Office for standardization. 

In the absence of any specific instructions, magnetic observations shall be made 
with the compass declinometer, or equivalent instrument, at intervals of not less than 
10 miles along the coast in areas where no magnetic anomalies are found, and at lesser 
intervals in magnetically disturbed areas. Where a magnetic anomaly of more than 
2° is discovered, a sufficient number of additional observations shall be made in the 

area to delineate the extent of the disturbance. 
The magnetic observations should be made at, or in the immediate vicinity of, a 

triangulation station, if possible. If the observations are not made at a triangulation 

station, sufficient data must be given to determine the approximate position of the 

magnetic station. An azimuth determined to the nearest minute is required at every 

magnetic station. If one is already available, definite information should be given so 
that it can be determined from data in the records at the Washington Office or from 
the records of the current field season. If an azimuth is not available, one must be 

observed to a natural object or a nearby recoverable station whose position is known. 
Three-point fixes should not be used for determining the azimuth, if other methods 
are available. If used, the stations must be positively identified, and the fix must be 

strong. 

All magnetic observations shall be made in accordance with the instructions 
contained in Serial No. 166, Directions for Magnetic Measurements, except that, if the 
observations are made with a transit magnetometer, the special instructions which 
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have been prepared by the Washington Office for the use of this instrument shall be 
followed. 

1217. Current Observations 

Where current observations are to be made, the project instructions will specify: 
(a) Where they are to be made; (6) the period of continuous observations required at 

each station; and (c) the instrument to be used in obtaining the data. 

Current observations shall be made in accordance with the instructions contained 
in Special Publication No. 215, Manual of Current Observations, except as amended 
by the project instructions. 

1218. Miscellaneous Instructions 

Under a miscellaneous heading the project instructions will specify other details 
of the operations. Among these are the scales to be used for the monthly and season’s 

progress sketches. On the monthly progress sketch the Chief of Party is required to 

- include the limits of the topographic and hydrographic sheets as these are determined 

during the field season. The standard size of the annual progress sketch is specified. 

If coast pilot notes are known to be required for the revision of or to supplement the 
Coast Pilot of the area, this will be stated. The instructions may specify that special 
reports be made regarding the use of certain new instruments or methods concerning 
which information is desired. The instructions may require that a report of dangers 
to navigation discovered be made elsewhere than to the Washington Office (see 8522). 

Consultation with officials of certain organizations may be required. 

122. OFFSHORE Limits 

The use of echo-sounding instruments now permits the extension of hydrographic 
surveys far beyond the limits formerly considered practicable. Commercial and naval 

vessels equipped with some of these instruments are now able to obtain soundings at 
will in the greatest depths of the oceans, with the result that they are virtually always 
‘fon soundings.’’ Unless otherwise specified in the project instructions, hydrographic 
surveys should be extended as far seaward as it is practicable to control adequately 
the positions of the soundings. 

Modern hydrographic surveys have disclosed numerous offshore submarine features, 
which are of incalculable value on the published charts for use as landmarks, from 

which vessels with echo-sounding instruments navigating these areas may determine 

their approximate positions when approaching a coast. On the continental slopes of 
the Atlantic and Gulf Coasts of the United States many submarine valleys have been 
discovered in recent years. On the Pacific Coast of the United States submarine 

canyons have been discovered, and submarine mountains have been found here and 
in the offshore waters of the Alaska Coast. It is considered desirable that the hydro- 
graphic surveys be carried far enough seaward to survey such features completely and 
adequately for charting purposes. 

123. SuRVEY SCALES 

The scale of a map is the proportion by which distances on the map represent 

respective distances on the earth. The scale of a hydrographic survey is that scale at 
which the positions of the soundings in the area are plotted on the hydrographic sheet. 

The terms fractional, natural, numerical, and linear are used more or less inter- 



123 HYDROGRAPHIC MANUAL Pace 14 

changeably as descriptive of this scale ratio. On published charts and generally on 

drawings it is represented as a fraction, as The same meaning is expressed in ) o p 10,000° 
text either by 1:10,000, 1-10,000, or 1/10,000. 

The basic scale for hydrographic surveys of the Coast and Geodetic Survey is 

1:20,000 and almost all other scales used have a simple relationship to it. No inshore 
survey adjacent to the coast shall be on a scale smaller than 1:20,000, except by author- 
ity of the project instructions. 

Larger scales shall be successive multiples of 1:20,000, each larger scale being 
double that of the preceding scale (i. e., 1:10,000, 1:5,000, and 1:2,500). All important 

harbors, anchorages, channels, and many parts of the coast where dangers are nu- 
merous or navigation is difficult, shall be plotted on scales of 1:10,000 or larger. 

Scales smaller than 1:20,000 shall be those whose denominators are multiples of 
20,000 (i. e., 1:40,000, 1:60,000, 1:80,000, 1:100,000, etc.). 

The choice of scale is obviously dictated by the amount of detail required on the 
hydrographic sheet. The larger the scale the more detail can be shown. The scales 
selected for important harbors, anchorages, and restricted navigable waterways must 

be large enough to show the maximum amount of detail desired on the smooth sheet. 
and to permit as close a system of sounding lines and development of the area as may 

be necessary. 
It is an inflexible rule in chart construction that data on a smooth sheet must 

never be enlarged to the scale of the published chart. A scale should, therefore, be 
selected for the smooth sheet larger than—and preferably at least twice as large as— 
that of the largest-scale published chart of the area. 

For the inshore survey along an open coast, the scale will vary according to the 
importance of the area and the number of dangers which may be encountered. 

Varying scales must be selected for offshore surveys according to the depth of 
the water and the distance offshore. In the first zone offshore from the inshore surveys 
the usual scale is 1:40,000, adjoined by surveys on a scale of 1:180,000 or 1:20,000 in 
the area farther offshore. / 

If the survey is comparatively distant from the shore the choice of scale may be 

limited by the necessity of including shore stations on the smooth sheet, unless circle 
sheets (see 37) are used. A smaller scale than would otherwise be preferable must be 
selected occasionally in order to include within the limits to the smooth sheet an ade- 
quate number and arrangement of shore stations, so that strong sextant fixes may be 

obtained throughout the area. The advantage thus gained in being able to plot the 
positions of the survey vessel with assured accuracy more than offsets the labor in- 
volved in inking congested soundings at the smaller scale, or even the disadvantage 

of having to omit a percentage of the recorded soundings. 
In summation, the survey scale should be large enough: 

(a) To provide for a sufficiently close spacing of the systematic lines and soundings. 

(b) To provide for an adequately intensive development of the dangers and shoals. 

(c) To provide for a reduction to the scale of the largest-scale published chart—it should gen- 

erally be at least twice the scale of the chart. 

(d) To show all details clearly. 

And the survey scale should be small enough: 

(a) To include the necessary shore control within the limits of the sheet. 

(6) To inelude control which will give strong well-conditioned fixes. 
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124. Units oF MEASUREMENT 

The following units of measurement, with fractional parts in decimals of the same 

unit, shall be used in surveys, reports, and statistics of the Coast and Geodetic Survey: 

(a) Depth of the water—iIN FATHOMS, OR FEET. (For smooth-sheet plotting, see 7711 and 

7712.) 

(6) Measured horizontal distances on land or in the water, and short estimated horizontal dis- 

tances over the water—IN METERS. 

(c) Long estimated distances over the water and ship’s run distances—IN NAUTICAL MILES. 

(d) Elevations above the topographic datum plane or above the sounding datum—iIN FEET. 

(e) Subaqueous distances—IN SECONDS OF TIME (at a given velocity of sound), OR METERS. 

(f) Statistics of horizontal distances, except for ship’s run (see (c) above)—IN STATUTE MILES. 

(g) Statistics of surveyed areas, either water or land—i1n SQUARE STATUTE MILES. 

(h) Current velocity and speed of vessel—IN KNoTs. 

(¢) Bearings from zero at true north clockwise through 360°—1Nn pEGREES. (Not to be confused 

with geodetic azimuths, which are reckoned from zero at true south.) 

It is to be noted that the short distances estimated during a hydrographic survey 

and entered in the Sounding Record shall be in meters. This pertains to the estimated 
distance of the sounding boat or launch from the high-water line or the estimated dis- 
tance the sounding vessel passes abeam of any object, danger, or aid to navigation. 

125. CONFIDENTIAL SURVEYS 

Surveys of a confidential nature are occasionally made by the Bureau and the 
results of surveys of certain areas are at times made confidential at the request of one 
of the Military Services. Special instructions, stating the precautions to be taken, 

-will be issued whenever confidential field operations are to be executed. 

Such surveys are classified and marked as confidential when they are registered, 
and no copies of these shall be furnished to the public. Photographic copies of con- 
fidential surveys will be furnished to field parties who have need for them in connection 
with their survey operations. Each Chief of Party is responsible for those forwarded 
to him, although when necessary he may permit their use by responsible assistants. 
These photographic copies are always plainly marked “confidential” and they must 
be returned to the Washington Office for disposal, after the operations have been 

completed. (See also 1321.) 
Whenever any confidential matter is forwarded through the mails it shall first 

be enclosed in a package marked CONFIDENTIAL and addressed personally by name 
to the person who is to be responsible for its custody. This envelope or wrapped 
parcel is then enclosed in an outer wrapping and addressed to that person in the usual 
manner for official mail. The outer wrapping must contain no reference whatsoever 
to the confidential nature of the contents. Such material must always be sent by 

registered mail. 
13. PROJECT PLANNING 

131. Data From Prior SURVEYS 

Copies of all prior survey data that are considered necessary in connection with 
the combined operations of the project will be furnished with the project instructions. 
Photostat, lithographic, or blueprint copies of the control data—geographic positions, 
descriptions, and triangulation sketches—will be furnished when these have not been 
published in the geodetic publications. Copies of all topographic and hydrographic 
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surveys, with which junctions are to be made, will always be furnished, as well as 
copies of the most recent ones of the entire area, if the latter are believed to be helpful. 

When inshore hydrographic surveys are to be made after air photographic surveys 
of the area have been completed, printed smooth and boat sheets may be furnished, 
or tracing paper prints or ozalid prints will be furnished from which to transfer the 
shoreline and control points (see 733). Lithographic copies of planimetric maps 

within the area will be furnished as well as copies of the field prints of the photographs 
if the latter are believed to be of value in connection with the operations. 

If any of the survey data are confidential, the Chief of Party shall be responsible 
for their custody and for their eventual return to the Washington Office (see 125). 

1311. Photographic Copies of Field Data 

When the Chief of Party has reason to believe that the data furnished with the 
instructions are not complete, he should notify the Washington Office immediately, 
requesting the additional data. If, during the course of his field operations, copies 

of additional field data are found to be desirable they should be requested from the 
Washington Office in ample time for the photographic reproductions to be made and 
forwarded to him. Usually either photostat or bromide copies of field data are 

furnished. 

1312. Photostat Copies 

Photostats made in the Washington Office are limited to a paper size of 18 by 24 

inches and to a subject size of 17 by 22% inches; a reduced photostat is ordinarily 

limited to no smaller than one-half the scale of the original; and an enlarged photostat 
is ordinarily limited to no larger than twice the scale of the original. A photostat is 
normally a negative in that the black and white of the original is reversed but the copy 

is otherwise correct. Positive photostats may be made from the negatives and have 

white backgrounds. 
When a request is made for a photostat, a negative will always be furnished unless 

a positive photostat is specifically requested and the reason for the need for the latter 
is given. Photostats cannot be relied on to be at correct scale, and when such copies 

are used for the transfer of shoreline or control stations, extreme care must be used. 

If the quadrilateral formed by the meridians and parallels enclosing the area in ques- 
tion is measured, and found to check with the values in the Polyconic Projection 

Tables (see 7321), it is safe to assume that the details within that area are true to scale. 

1313. Bromide Copies 

When photographic copies larger than 17 by 22% inches are required, bromide 
copies are usually made. A bromide is made by first photographing the original at a 

reduced scale on a glass or film negative, and then making an enlargement on bromide 
paper, usually at approximately the same scale as the original. The bromide paper 
does not come in contact with the negative. Since the size of most survey sheets, 
except aluminum-mounted sheets, is at least 31 by 52 inches, bromides are necessarily 

made when copies of entire surveys are required to scale. They are limited in size to 

38 by 72 inches. 
A bromide can be made approximately to any desired scale. It is one of the most 

unsatisfactory of all copies insofar as clarity and true scale are concerned. Bromides 
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should not be used for the accurate transfer of control stations and rarely for the transfer 
of shoreline, if any other type of copy can be substituted. Bromides are always positive 

copies. 

1314. Celluloid Prints 

Contact prints can be made on low shrinkage celluloid. These have the advantage 
of a very low shrinkage factor which is practically uniform in all directions. Such 

prints are the most accurate copies for use in the transfer of shoreline and control sta- 
tions. Celluloid prints are considerably more expensive than paper prints and will 
ordinarily not be furnished unless a reason is given justifying their need. 

1315. Photographic Colors 

Most data are inked in black on the survey sheet, but various colored inks are 

used for special purposes. In ‘‘Line Photography,’’ which is used in chart reproduc- 

tion, the colored inks do not reproducé equally well, and in using any photographic copy 
of a survey this fact must be taken into consideration. In general, the colors in the blue 

end of the spectrum are photographed with difficulty on ordinary emulsions, especially 

when an artificial source of light is used; while those in the red end of the spectrum are 

reproduced relatively well. Yellow photographs almost as well as black. For practical 

purposes, it is enough to remember that the blue colors, especially blue and violet, 
photograph poorly and may not be reproduced at all; that the red and yellow colors, 
especially yellow, orange, and red are reproduced relatively well, sometimes as well as 
black; and that green and brown are intermediate colors, generally but not always 
reproducing well. The intensity of reproduction of a color seems to depend on the 
percentage of yellow in it; for example, an orange red or a yellow green will reproduce 
better than the purer red and green shades. The amount of pigment in any color has 
much to do with the intensity of the reproduction. 

1316. Requests for Photographic Copies ee 

Requests for photographic copies of surveys should state specifically the kind 

desired, or the purpose for which they are to be uséd. In the latter case, copies prepared. 

by the most suitable method will be furnished. (See also 1314.) When photographic 
copies of surveys are requested it will be assumed, unless otherwise stated, that they are 

desired at the scale of the original. When they are for use in the transfer of data to 
other sheets, they should be requested at the scale of the new survey; if an enlargement 
is required, the reason for this must be stated. For many uses copies at reduced scales 

will be found satisfactory if the reduction is not so great as to make the detail illegible. 

In general, copies of surveys reduced one-half are perfectly legible. 
A request for photographic copies of surveys should specify: 

(a) The registry number of the survey, if known; or in lieu thereof, the approximate latitude and 

longitude of the area, in addition to any field number or reference to named geographic features. 

(b) The kind of copy desired. (See also 1314.) 

(c) The scale of the desired copy. 

(d) Whether a topographic or hydrographic survey, and the approximate date thereof. 

The following examples of requests contain the required information: 

“A full-scale photostat copy of a section of the most recent hydrographic survey off Point Judith, R.I.; photostat to be centered at 

latitude 41°20’ N., longitude 71°25’ W.” 

“A half-scale photographie copy of hydrographic survey by John Doe, field number Oc-4234, located in approximate latitude 

41°20’ N., longitude 71°25’ W.’’ 

465382—44—_3 
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132. NauTicaAL CHARTS 

Copies of the largest-scale nautical charts of the project area, of the latest print 
dates, should always be on board the survey vessel during its operations. It is not 
sufficient to have charts of the most recent edition. The print dates are located in the 

lower left-hand corner of the chart and the latest is the right-hand one of a consecutive 
series of dates (see 1127). In all Descriptive Reports, special reports, and correspond- 
ence, in which a comparison is made between the field data and the published chart, 
this print date must be stated. This is the only positive means of reference to the 
data which were on the chart when the comparison was made. 

1321. Confidential Charts 

When survey vessels are operating in an area of which confidential charts have been 
published, copies of these are obtained from the United States Navy Department for 
use on board the vessels during the survey operations. Each chart contains a serial 
number. Chiefs of Party are responsible for the custody of the confidential charts 
sent to them and must render a semiannual report, on March 31 and September 30, 
listing these with their serial numbers. This report shall be made on Form N.H.O. 
698a, and be forwarded to the Director. (See also 125.) 

1322. Complimentary Copies of Charts 

At the request of a Chief of Party complimentary copies of new charts or new edi- 
tions extensively corrected from a survey will be furnished for distribution to members 
of the crew who had a responsible part in the survey operations. Officers engaged on 
the survey will be furnished such copies on request. It must be realized that there is 
often a considerable lapse of time between the date of the survey and the issuance of 
new charts or new editions embodying the results of the survey. 

133. Proyect STuDY 

As soon as the project instructions and the accompanying survey data have been 
received, a preliminary study of the project should be made in as great detail as is 

possible from the available data in order to formulate a general plan of operations. 
If the project is of an unsurveyed and comparatively little known area, recourse must 
be had to reconnaissance survey data. Much of value in planning the operations can 

often be found in published exploratory and other reports of scientific expeditions which 

have operated in the area. 

1331. Study of Charts and Prior Survey Data 

If the project is for the resurvey of an area, a thorough study of the published 

charts and the photographic copies of prior survey data shall be made in order to plan 

the operations effectively and economically. These data may be used to determine the 

approximate limits of the area to be surveyed by each unit of the party and the probable 
limit to which the hydrography may be controlled by the various methods. 

If the project instructions call for new triangulation in the area, a paper recon- 

naissance can be made for use as a general layout for the scheme, and from which the 
actual stations can be selected after the party has arrived in the immediate locality. 
If the existing charts of the area are based on reconnaissance surveys or sketches, little 

confidence can be placed in the charted data for such a purpose, because, even though 
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the charts present a general idea of the area, the representation of specific details may 
be considerably distorted. 

1332. Air Photographs for Study of Project 

Good air photographs will furnish extraordinarily detailed information, thus supple- 
menting prior surveys and reports, particularly when those using them are experi- 
enced in the interpretation of photographs and acquainted with similar types of terrain. 
The photographs available may vary from a few nonstereoscopic obliques, taken casually 

during flights over the area for other purposes, to complete stereoscopic coverage by 

vertical photographs taken for plotting on the same scale as the intended hydrographic 
survey. The information obtainable for planning the project will vary correspondingly 
from general data on the character of the region to detail almost sufficient for planning 
day-to-day operations. The project instructions will indicate the available air photo- 
graphs, mosaics, maps, or hydrographic sheets prepared from air photographic surveys. 

Usually an index chart or mosaic will be furnished from which the approximate loca- 
tion and area of each photograph may be determined. 

In the absence of sufficiently detailed prior surveys, the following data for advance 

study and planning of the project may be obtained from an examination of suitable 
photographs or preliminary maps and mosaics compiled from them: 

(a) The approaches to the coast and routes along it both for the ship and the small boats; whether 

there are off-lying islands, rocks, reefs, or shoals, and the probable clear channels between them; 

protected areas possibly suitable for anchorage, and the best landing places for small boats. 

(b) The locations of sites suitable for camping; the boats and equipment which will be needed for 

landing and for inshore hydrography; objects available for hydrographic signals; the proportion of 

control stations that may be expected to be furnished by the photographic survey and the amount of 

supplemental planetable surveying likely to be needed; the kinds and amounts of the various signal- 

building materials required; and the probable rate of progress of the inshore operations. This infor- 

mation may be determined from the appearance of the shore with more or less certainty depending on 

previous experience. A detailed discussion of control from air photographs for use in hydrographic 

surveys is included in 239, and the use of air photographs to detect dangers to navigation is discusssed 

in 3624. 

(c) The photographs of the terrain adjacent to the shore will show the roads, trails, rivers, settle- 

ments, etc.; special means of transport and supply other than by water, which may be desirable; 

whether the terrain is bare or wooded; the relief, Jandmarks, and sites suitable for triangulation or 

signals to control offshore hydrographic surveys; the distances and best routes to such sites, and the 

character of signals, materials, and outfit needed for the operations ashore. The use of photographs 
in connection with triangulation reconnaissance is discussed in 2221. 

A stereoscope, if available, should be used in studying the photographs wherever 

they have suitable overlap. Landmarks, the tentative locations of old and new sta- 
tions, landing places, campsites, and any questions regarding the interpretation of the 
photographs should be noted in pencil on them, or on the mosaics or preliminary 
compilations, during the advance study. 

The field reconnaissance required to complete the information needed to conduct 
the season’s operations (such as the depth of the channels indicated by the photographs, 
depth and holding bottom of protected anchorages, doubtful lines for triangulation 
observations) will become apparent during the advance study. After arrival on the 
working ground, the notes made during the advance study will facilitate the detailed 
study of the photographs for the planning of day-to-day operations. As the party 

becomes familiar with the locality, additional precision in interpretation and benefit 
from the use of the photographs will be obtained. 
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1333. Weather Conditions 

No part of planning is more important than that based on the prevalent weather 
conditions in different seasons. In northern areas, or other areas where bad weather 

prevails during a large part of the year, it is necessary to utilize to the fullest extent 
the season during which survey operations may be conducted economically. It is 
essential that the survey party arrive on the scene of operations as early as practicable 
and remain there until survey operations are no longer economical. 

Special attention should be given to selecting an appropriate part of the season 
during which to conduct those operations requiring unusually favorable weather con- 

ditions. When the season of most favorable weather for certain operations is known 
in advance, economy will result if the entire project is planned so that these can be 

undertaken at that time. 

Where the project is located in a region with which the Chief of Party is unfamiliar, 
he should study in advance the available information regarding the prevalent weather 
conditions in the area. Meteorological data may be available, but if not, much infor- 
mation of value may be found in the reports of survey or exploratory parties who have 
previously operated in this or similar adjacent areas. 

Exceptionally clear weather is needed for certain operations such as triangulation 
observations, the control of offshore hydrography by visual fixes, and sun-azimuth 
observations between buoys. Exceptionally smooth weather is needed for other oper- 

ations, among which are landings on very exposed portions of the outer coast, the 
installation of tide gages, the establishment and location of buoy control, and the 
installation of hydrophones and cable laying if R.A.R. shore stations are used. Some 
of the above operations must necessarily be performed at the beginning of the season 

or prior to certain other operations, but when there is a choice, they should be planned 
for that part of the season during which prevalently good weather for those operations 
may be expected. (See also 145.) 

1334. Anchorages 

Before proceeding to the project area, it is desirable to determine in advance 
whether or not safe anchorages are available at which the survey vessel may base. 
If the area is well known, a selection can be made without difficulty. There may be 
many possibilities, the choice often depending merely on the facility of obtaining 

supplies and the adequacy of the mail and communication service. 
When the project is in an area where dangerous weather conditions may be expected, 

the work must be planned so that a protected anchorage is always accessible, and 
ordinarily such anchorages can be selected in advance from a knowledge of the area. 

134. OPERATIONAL PLAN 

From the study of the project, a general advance plan should be formulated for 
the accomplishment of the early operations of the project. This plan should be based 
on the results to be attained, the size of the party and the various units which may be 
organized, the weather conditions, and other factors that may affect the operations. 

Such a general plan will, of course, be subject to frequent change as the work progresses. 
Where the area to be surveyed extends offshore from the coast and various zones 

of the project are to be surveyed by separate hydrographic units and by different 
methods of control, the hydrography should be planned so that the various units may 

be given the limits to which their surveys are to extend. 
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Careful study and planning will result in a logical sequence of operations so that 
each phase of the work accomplished will give as much information as practicable on 

- which to base the subsequent phases of the work. A project so planned will be com- 
pleted without waste of time or effort and without any of the essential work having 
been omitted or neglected. 

1341. Priority of Operations 

The project instructions may call for priority in certain phases of the operations 

and these must be planned for completion at as early a date as practicable. 
The nature of combined operations is such that the effective accomplishment of 

certain phases of the work will depend on the prior accomplishment of others. If no 
triangulation exists in the area, it will probably be necessary to plan and execute a 
complete new scheme to control the other operations. It is necessary that the work 
be planned so that the triangulation will always be in advance of other operations. 
If the size of the project is such that the work will continue for several years, efficient 

planning will provide for the accomplishment of triangulation sufficiently in advance 
so that control will be available at the start of each season for the first topographic and 
hydrographic surveys. 

The topographic surveys, which serve to locate the control stations for the hydro- 
graphic surveys, should always be planned so that the hydrographic parties will not 

be delayed waiting for control to be established. 
Where unknown dangers to navigation are likely to exist in the area, the harbors 

and anchorages should be surveyed in advance of the time they may be needed by the 
survey vessel. The inshore surveys should be carried to a depth in which it is safe for 
the larger vessel to operate. 

1342. Parallel Progress of Operations 

Except for the priority described in 1341, it is desirable that all classes of work 
be completed to the same general limit at the end of each season. It is inefficient to 
have topographic surveys completed at the end of a season too far in advance of the 
hydrographic operations, because signals are likely to be destroyed before the next 

season. Even where signals have not been built but the stations merely marked, it 
would be necessary to go over the-same ground the next season in order to build them. 

1343. Incomplete Sheets 

The work should be planned, if practicable, so that any topographic or hydrographic 
sheet begun will be completed during that season, barring unforeseen circumstances. 
The results of the field operations are not available for charting until the surveys have 
been verified and reviewed in the Washington Office and it is usually not practicable 
to do this for a sheet partly completed. 

All necessary development and investigation of shoals should be kept up to date 
as they are revealed through the regular system of sounding lines. During the early 
part of a season, it is essential to do this for reasons of economy in operations, otherwise 

the party is likely to find such work not conveniently located to be undertaken economi- 
cally in connection with the other operations. During the latter part of the season, 
this procedure is quite important in order to avoid closing the season with incomplete 

surveys. 
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135. Division OF OPERATIONS 

The division of operations, between the various units of the party, should be made 

so as to secure the greatest possible progress consistent with economy and safety in 
the use of the survey ship and launches. It is obvious that the number of separate 
units which can be operated at one time, either from the ship as a base or from shore 

bases, depends on the size of the party and the available floating equipment. In well- 
developed parts of the country it is frequently economical to have a portion of the 

work, especially triangulation and topography, performed by a shore party independ- 

ently operated but responsible to the Chief of Party. In such areas trucks are being 

used extensively for the transportation of the survey units to and from their work, even 
where the shore party is engaged in hydrographic surveying. In undeveloped areas, 

where there are no available living quarters, similar parties are usually operated from 
camps, but since there are no highways in such areas the camp parties must be furnished 

other kinds of transportation than trucks. 
All the various operations in which a survey party engages must be equalized in 

such a way that parallel progress is maintained. This is especially true with respect to 
the division of sounding between the ship and the launches or small boats. It is obvious 
that prudence restricts the ship to those areas which can be navigated in safety and, in 
general, it is most usefully employed in the survey of the offshore and more exposed 
areas. Exposed areas far from shore should not be surveyed with unattended launches, 
because of the danger involved and because the lower elevation of the observers limits 

the range of visibility of the control signals. 
The operations should be so planned that all large-scale surveys are made by the 

launches and small boats, because of the impracticability of controlling the course and 
position of a large survey ship accurately enough to run the necessary survey lines eco- 

nomically. 
1351. Shore Party Operations 

When a part of the operations is performed by a shore party in a populated part 
of the country the shore party may be established so as to be almost independent of the 
mother survey ship, except for very general supervision by the Chief of Party. Where 
such parties have to be based at camps in undeveloped country, they must be supplied 

and provisioned from the survey ship, and it is frequently necessary to bring the entire 
camp on board for transfer to another locality. In undeveloped areas on exposed 
coasts, campsites must be selected in harbors or protected anchorages where the floating 

equipment will be safe. 

If land operations only are performed from a camp on an exposed coast where 
there are no highways, horse transportation may be used in the survey operations and 
in an emergency for moving the camp to another locality. The use of horses is undesir- 

able because of the special personnel required to care for them, and because of the large 
amount of feed with which they must be provisioned if natural feed is not available in 
the locality. Furthermore, it is generally not practicable to have sufficient horses to 

move a camp in less than several trips between the campsites. A light reconnaissance 
truck, of Army specifications, is being tested as a substitute for horse transportation. 

It can probably be operated along most of the coasts even where there is no semblance 
of roads or trails. 

Where launch hydrographic surveys are made by a party based ashore, the camp- 
sites or anchorages must be chosen so that the time required for runs to and from the 
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working ground will be at a minimum. ‘This also applies to the selection of harbors 
and anchorages for the ship, although its safety is the first consideration. 

In isolated areas, where a shore party is supplied and provisioned from the survey 
ship, it is essential that there be means of communication between them. In recent 
years all such shore parties have been equipped with a sending and receiving radiophone. 
This has proved very effective since it enables the chief of the subparty to report to the 
Chief of Party on his daily progress, on the status of his supplies and provisions, and 
on any accident, such as damage to floating equipment or injury to personnel, and on 

any sickness requiring transfer of personnel to the ship for medical attention. It also 

permits plans to be made in advance for moving the camp if that is to be done with the 

ald of the ship. 
136. Proyect Layout 

To plan and carry out effectively and systematically extensive combined operations 

it will generally be necessary to lay out on a chart of suitable scale the limits of the proj- 

ect, the limits of previously surveyed areas with which the instructions specify a junc- 

tion, the principal control stations, and any other data which may be of importance. 
If the area is an unsurveyed one and the only existing chart is of small scale and of a 
reconnaissance nature, it may be necessary to make this layout on a reconnaissance 
sketch especially constructed therefor. 

1361. Sheet Layout 

Since different scales are generally necessary for the surveys of different parts of 
an area, and since the size of a sheet is limited, more than one sheet will usually be 

required for the survey of an extensive area. In order that these sheets may be planned 
practicably and economically, a sheet layout should be made ona chart of suitable 

scale, or in an unsurveyed area on a reconnaissance sketch, on which are outlined all 
or a part of the sheets required to cover the area. (See fig. 2.) 

Each hydrographic sheet should be laid out in such a manner that it will include 

as large a water area as practicable, at the same time providing for adequate overlap 
with adjacent sheets and ensuring that all of the required control stations will be included. 
Skewed projections must be avoided if it is practicable to do so (see 1862). The over- 

lap of adjacent sheets should generally be no more than is required to provide for a 

suitable junction of adjacent surveys and to include the necessary control stations 

(see 123).. Hydrography must not be extended to the offshore limits of a sheet when 

it can be more strongly controlled on an adjoining offshore sheet; neither should it be 

extended parallel to the shore to the extreme limits of a sheet where it can be more 

strongly controlled on an adjacent alongshore sheet. In these cases the extent of the 

overlap should be sufficient to provide hydrography controlled with equal strength on 
both sheets. 

If the project is for the resurvey of an area fairly well represented on existing charts 

it may be practicable, at the start of the project, to lay out sheets covering the entire 
area. If the project is for the survey of a comparatively unknown area, it may be 
preferable to extend the sheet layout from time to time, as more detailed information 

relative to the area becomes available. 
A convenient method for making this layout is to construct on tracing cloth an 

outline of each appropriately sized sheet according to the scale of the published chart 
on which the layout is to be made. The tracing cloth containing the limits may then 
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be placed on the chart and shifted about until the best position for the sheet is deter- 
mined. Ina simple area it will be easy to lay out successive sheets by this method to 
cover the entire area of the project. Where the area is complex it is frequently neces- 
sary to try various successive layouts of sheets before the most practicable and eco- 
nomical one is found. As the best position for each sheet is determined, the four corners 
may be pricked through the tracing with dividers and joined by straight lines on the 
layout. 

TaBLE 1.—Scale equivalents for laying out sheets 

. One centimeter | One nautical mile | One statute mile 
Seale One inch equals equals equals agin 

Nautical| Statute | Nautical| Statute Centi- Centi- 
miles miles miles miles Inches meters Inches meters 

11tct Feta a0 0 Bl et gt i la 0. 034 0. 039 0. 013 0.016 | 29. 185 74.13 | 25. 344 64. 37 
PH OOOM: se o4s— eases Se . 069 . 079 OZ 5 OBIE | IE BR 37. 06 | 12. 672 392, 119) 
1,000 ae 5 Lez oS . 054 . 062 7. 296 18. 53 6. 336 16. 09 
T20I000ES2 er Sree . 274 . 316 . 108 . 124 3. 648 ON27. 3. 168 8. 05 

LA QIOOOSS es = ee . 548 Gail 2116 . 249 1. 824 4. 63 1. 584 4. 02 
LE GOO00R 2 oe oe . 822 . 947 . 824 3 BUS 1216 3. 09 1. 056 2. 68 
SS OOOORS S 2 se Es 1. 096 1. 263 . 432 . 497 0. 912 W, BW 0 792 74, (yi 
[OOOO ee 2 Sa 1S aie 1. 578 . 540 . 621 5 AY) 1. 85 . 634 il, @il 
AAO OOO sts ty. 2) 1. 645 1. 894 . 648 . 746 . 608 1. 54 528 1. 34 

1200000 SEs aaa en 2. 741 By UZ 1. 079 1. 243 . 365 0 93 4 Bil7/ 0. 80 
Liv OOL0002E2 hss 2 oe 5. 482 6) 33 258 2. 485 . 182 . 46 . 1158 . 40 
HOO 0008 == 222 nee 6. 853 7. 891 2. 698 3. 107 . 146 Ot 5 ey SBP 
Hele OOOTOOOS a= a a MS OGH Id: 783 5. 396 6. 214 . 073 .18 . 063 . 16 

The area that will be included on a sheet of given dimensions at a specified scale 
may be readily determined from table1 by multiplying the dimensions of the sheet by 
the number of miles at the selected scale. For example, a sheet 31 by 53 inches on a 
scale of 1:20,000 will include an area 8.5 by 14.5 nautical miles. 

1362. Sheet Orientation 

All hydrographic sheets shall be laid out so that the projection lines are approxi- 

mately parallel with the sides of the sheet, except when sucha layout is extremely 
uneconomic or impracticable (see 1361). The reason for this is that a cloth-mounted 
sheet distorts almost uniformly along its axes and if a sheet is laid out with the pro- 
jection lines parallel to the edges, distortion is comparatively easy to compensate for 
in chart compilation. With a skewed projection it is much more troublesome and in 
addition such a sheet is inconvenient to handle. 

1363. Sheet Size 

The standard size for all hydrographic smooth sheets shall be 31 by 53 inches and 
they shall ordinarily not exceed this size, except for offshore surveys. The maximum 
size, which shall never be exceeded under any circumstances, is 42 by 72 inches (see 

712). In the original layout of the project these limits need not be strictly adhered to, 
and it is sometimes of advantage to plan the boat sheets on a size somewhat larger than 
the anticipated limits of the smooth sheets and with more overlap. Frequently it is 
only after part of the survey has been completed that the smooth sheets can be laid 

out most economically. 
465382—44—_4 



1364 HYDROGRAPHIC MANUAL PaGE 26 

1364. Subplans 

Sheets containing small detached areas of hydrography shall be avoided, if practi- 
cable. This can usually be accomplished by placing a subplan, or insert, on the 
smooth sheet, at the same or an enlarged scale. (See 7751.) 

If it is impracticable to include, in the original sheet layout, an entire area on 
several standard size sheets, and a small section remains that is necessary for effecting 
a junction with a prior survey, it is frequently practicable to include such area as 
a subplan on an unused portion of the adjacent sheet. Such subplans must always 
be included on the sheet of comparable scale closest to the area. 

Where a small harbor, anchorage, or other area needs to be surveyed at a larger 

scale than the remainder of the inshore coastal waters, it likewise may frequently be 
included as a subplan on the sheet which includes the area. 

It is to be noted that boat sheets are not necessarily similar in layout to the 
smooth sheets and there is no objection, and in many cases there is a decided advantage, 

in surveying on separate boat sheets such areas as are discussed under this heading. 
The results of several boat sheets may be included on one smooth sheet. (See 3222.) 

1365. Layout Made in Washington Office 

Infrequently the sheet layout for the project is made in the Washington Office 
at the time the project instructions are written, and is furnished with them. This 

may occur when the results of the survey are urgently needed and it is necessary to 
furnish the boat and smooth sheets to the field party without delay. 

It is also necessary if lithographic reproductions of planimetric maps are to be 

furnished for use as boat and smooth sheets. 
To take advantage of the economy of lithographic reproductions it is often nec- 

essary to sacrifice certain desirable features of layout. When a proposed layout, based 
on planimetric maps, is made in the Washington Office, it will be submitted to the 
Chief of Party for inspection and approval, if time permits, before the boat and smooth 

sheets are constructed. (See 733.) 

1366. Dog-Ears 

It is sometimes impracticable to determine in advance the exact limits of a hydro- 
graphic sheet. Because of developments during the progress of the survey or the 
location of control, it is occasionally desirable or necessary to use a control station 

which falls a short distance beyond the limits of the sheet as originally laid out. This 
is accomplished by adding a small section of paper, called a dog-ear, to the boat sheet 
and plotting the station thereon. While there is no objection to the use of dog-ears 
on a boat sheet, there is serious objection to their use on smooth sheets, and they are 

not to be tolerated on the latter except in an emergency. (See 7121.) 

137. SUPPLIES AND EQUIPMENT 

After the receipt of the project instructions, a review must be made to determine 

whether the necessary survey equipment and instruments are on board, and if not, 
they should be requisitioned from the Washington Office in ample time for their as- 
sembly, possible overhaul, shipment, and receipt before needed for actual survey 

operations (see 432). 
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It is also necessary to determine the materials which will be needed for signal 
building, construction of buoys, etc., which should be on hand at the time field opera- 
tions are begun. 

All of the necessary forms, blank records, and rubber stamps which will be needed 
should be requisitioned from the Washington Office. 

1371. Overhaul of Survey Equipment and Instruments 

The various types of survey equipment and instruments that are ordinarily used 

in the hydrographic survey operations of the Coast and Geodetic Survey are described 

in chapter 4. 
It is only necessary to emphasize here that the equipment and instruments on 

board which will be needed for the survey operations, should be overhauled and cleaned 
and put in the best possible condition by the party before the beginning of a season’s 
work, in order that maintenance work on them during the field season may be reduced 
to a minimum (see 43). 

As soon as possible after the close of each field season, all excess instruments and 
those needing overhaul or repair by experienced instrumentmen should be forwarded 

to the Washington Office, and the required additional instruments, or replacements, 
requisitioned at that time. The last minute requisitioning of instruments just before 
the start of a new season or project shall be avoided. 

Base tapes must be returned to the Washington Office for re-standardization at 
the end of each field season during which they have been used. Complete particulars 
relative to their use during the season shall be furnished, including the locality and the 
general conditions encountered, such as weather, temperature, and terrain. 

Form 12, Requisition for Instruments and General Property, shall be used for the 
requisition of all instruments and general property from the Washington Office, and 
Form 573, Letter of Transmittal and Receipt for Transfer of Instruments or General 
Property, for their return to the Washington Office, or for their transfer between 

Chiefs of Party. 

14. ORGANIZATION OF OPERATIONS 

141. GENERAL RECONNAISSANCE 

The extent and manner in which reconnaissance for a hydrographic survey i: 

conducted depends principally on the character and extent of the information available 
prior to the beginning of the project. If the project is a revision survey, very little 

reconnaissance will be required. The prior surveys will show the disposition and 

amount of control probably available, the type of shoreline, the depths and character- 

istics of the area to be sounded, the available anchorages, suitable sites for camp parties, 

and suitable locations for the necessary tide stations. In fact, sufficient control may 
be recovered so that new triangulation will not be necessary, and hydrographic opera- 

tions can be started within a few days after the vessel arrives at the project area. 

Should the project be an extension of the previous season’s work, personal knowl- 

edge of the character of the working ground and conditions to be encountered will 
enable the Chief of Party to make plans in advance, which will expedite the progress 
of the survey and coordinate the operations of the various units to the best advantage. 

If the project is in an unsurveyed area about which little information is available, 
a reconnaissance must be made before planning the work. A tentative scheme of 
triangulation should be laid out and the type of signals to be used should be determined. 
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It is also necessary to determine the most practicable method of controlling the topo- 
graphic surveys. 

Suitable anchorages must be selected for the protection of the ship. Possible 
locations for campsites should be investigated to determine whether camp parties can 
operate to advantage. If there are off-lying islands, the most practicable method of 

establishing control stations on them should be selected. An estimate of the number 
of tide stations needed should be made and possible locations noted. The depths 
of the water at various distances from the shore should be investigated to determine 
the approximate limits of launch and ship hydrography. The topography of the 
area should be viewed to find out what natural and artificial objects are available to 
control the ship hydrography. The type of control should be chosen for the ship 
hydrography beyond the range of the shore objects—whether survey or sono-radio buoys 
can be used to advantage and to what distances offshore depend mainly on the offshore 
depths. 

142. PERSONNEL OF SURVEY UNITS 

Each of the survey operations requires a minimum of experienced personnel 

in order that accurate and dependable results may be obtained. When part of the 

personnel is inexperienced, or for purposes of training, it is obviously desirable to 

assign additional personnel to assist in carrying out the operations. 
Table 2 gives the personnel needed for the various operations, but is intended as a 

guide only. With efficient and experienced officers and men, many of the operations 
can be carried out with fewer personnel. 

A hydrographic survey unit engaged in handlead sounding from a small boat 
usually consists of an officer-in-charge who observes one of the angles and plots, a 
recorder who records and observes the other angle, a leadsman and an assistant who 
hauls in the leadline for him, and.a helmsman. When soundings are taken rapidly, the 
recorder may not be able to observe an angle and an additional angleman is required for 
this duty. If the small boat is propelled by oars, two to four additional men serving as 
oarsmen are necessary. Outboard motors are used almost exclusively in small-boat 
hydrography, in which case the oarsmen are dispensed with and the helmsman operates 
the outboard motor. 

The organization of a launch party is similar except that an additional officer is 

usually required to observe one of the angles and assist the officer-in-charge by gener- 
ally supervising the operations. It is in this position that the junior officers receive 
their preliminary training. An engineer is also necessary. In handlead sounding the 
coxswain and leadsman usually alternate in their duties, or if the leadsman’s assistant 
is competent he may alternate with the leadsman in heaving the lead. When a sound- 
ing machine is used the leadsman and his assistant operate the machine. When a 
graphic-recording echo-sounding instrument is used in a launch, a trustworthy man is 
required to attend it at all times. The leadsman and his assistant may be dispensed 
with, but there must be at least one, and preferably two, additional seamen who can 

take occasional handlead soundings and who assist at bar checks and other duties. 
For ship hydrography it is assumed that the usual personnel composing a watch 

at sea will be on duty, and table 2 is not intended to imply that any of these should be 
dispensed with. The requirements for ship hydrography are very similar to those for 

a launch unit except that the increased speed of the operations may require additional 

personnel, since virtually all depths are measured by echo sounding with the ship pro- 
ceeding at standard speed. Under the most favorable conditions, where the area being 
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COMMANDING OFFICER 

EXECUTIVE OFFICER 

SURVEY SHIP 

Offshore’ hydrography by visual and R.A.R 

control. Construction of survey and sono- 

radio buoys; their establishment and location. 

AUXILIARY VESSEL 
OR CAMP PARTY 

Signal building and location. 

Triangulation or topography. In- 
shore hydrography. tnstalla- 
tion and maintenance of tide 
gage. 

SHIP LAUNCH PARTY 

Signal building, triangulation, 

topography or inshore hydro- 
graphy. 

Signal building and location. 
Triangulation or topography. 

WATCH No. 1 WATCH No. 2 

NAVIGATING OFFICER 

In charge of watch, bridge per- 

sonnel, charts and corrections. 
Notice to Mariners. 

Navigating and surveying in- 

struments. Assists with com- 

putations. 

ACCOUNTING OFFICER 

In charge of watch 

Ship's accounts 

Treasurer of forward mess. 

Assists with computations. 

OFFICER-IN-CHARGE 

Computations of own field 

data. 

OFFICER-IN- CHARGE OFFICER-IN-CHARGE 

Computations of own field Computations of own field 

data. data. 

OCEANOGRAPHIC OFFICER 

In charge of oceanographic in- 

struments, serial tempera- 

tures, velocity corrections, 

horizontal velocity computa- 

tations, tide reducers. 

FIELD RECORDS OFFICER 

In charge of survey records, 

drafting room andinstruments. 

Projections. Positions. Compu- 

tations and adjustments 

DECK OFFICER 

In training. Right angle, As- 

sists in all operations; checks 

field data. 

OFFICER ASSISTANT 

Assists in all operations. 
Checks field data. 

ASSISTANT ACCOUNTING 
OFFICER 

In charge clothing and srhall 

stores, supervises ship’s can- 

teen. Inventories. Assists with 

computations. 

ASSISTANT NAVIGATING 

OFFICER 

In charge sounding andR.A.R. 

equipment. Monthly and seas 

onal report data. Assists with 

computations. 

DECK OFFICER 

In training. Assists where 

needed. Progress sketches, 

Checks computations and field 

data. 

ADDITIONAL DUTIES 

OFFICER OF THE DECK in turn 

AT SEA: Supervises Quartermasters and rough logs, writes smooth log and tabulates statistics. 

IN PORT: Supervises watch, stowage of supplies, writes smooth log. 

ONE OFFICER ELECTED CATERER OF WARDROOM MESS. 

FIGURE 3.—Organization chart of a survey ship. 
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surveyed is not distant from the control, two officers, one recorder, one fathometer 

attendant, and one helmsman will ordinarily suffice for visually controlled hydrography ; 
but where the signals are distant, or difficult to observe because of haze or other reasons, 
it is frequently necessary to have two anglemen to take the sextant observations, 
leaving the officer-in-charge free for plotting. 

For hydrography controlled exclusively by the R.A.R. method, the officer-in- 
charge is sufficient on the bridge under ideal conditions, but when this method of con- 
trol is combined with visual control, as it frequently is, additional officers are required. - 
A chronograph attendant, a radio technician, and a bomber are additional personnel 
needed for the various operations in R.A.R. control; their duties are described in 671. 
When R.A.R. controlled hydrography is continued at night or in reduced visibility, 

additional officers are required on the bridge; one of these directs his attention exclu- 
sively to the navigation and safety of the vessel. 

Ship operations, such as taut-wire traverse, sun-azimuth observations, and 
bombed distances for the determination of the horizontal velocity of sound, require 
personnel who are exceptionally alert and efficient, because a failure to make or record 
any one of the observations may require the repetition of the entire operation. The 
number of personnel required for the various operations depends somewhat on the 
location of the apparatus, and under ideal conditions some of the duties may be combined 
and performed by one person. For example, in simultaneous operations the observers 

reading and checking the taut-wire sheave may also be able to take the inclined and ver- 

tical angles, which are always observed between sheave readings. If the chronometer 
is conveniently located, the recorder may be able to mark the times directly on it, or in 
other instances may use a watch which has been previously compared with the chro- 

nometer. The fathometer attendant is, of course, needed only when a sounding line is 
run simultaneously with the other operations. The fathometer attendant can fre- 

quently serve also as pelorus attendant. On shipboard the several men on watch are 
used as required, the quartermaster on watch serving to carry messages where needed, 

and other members of the crew being available as hand leadsmen, or to operate the 
sounding machine if required. 

A topographic, signal-building, or triangulation party unit usually consists of one 

officer and three men. If these parties are transported ashore from the ship, additional 
personnel are required for the launch crew. If they are based in camp, a cook and camp 
attendant must be provided. 

The efficiency of the survey party and the quality and quantity of the results 

obtained will depend largely on the experience and qualifications of the officers and 
men and the interest and pride they take in their work. Assignments should be based 
on the experience and general aptitude of each individual, and the degree of reliability 

that can be placed in his work. One of the functions of the officer-in-charge is to 
encourage the personnel to learn their duties and become proficient in their work, and to 

provide them with opportunity for obtaining the necessary all-round experience to 
enable them to assume charge of similar operations when called upon to do so. 

143. TipE STATIONS 

Tidal data are required for determination of the various datum planes, for the 

prediction of tides, and for use in a hydrographic survey. 

Tide stations shall be established in the immediate vicinity of the hydrographic 
operations in order that the soundings may be accurately reduced to the sounding 



1431 HYDROGRAPHIC MANUAL PaGE 32 

datum. The number of stations required depends on the character of the area; where 
the flow of tide is restricted, numerous gages may be required to determine accurate 
tidal constants. 

1431. Sites for Gages 

The selection of sites for the tide gages to be used in a hydrographic survey is usu- 
ally made in the Washington Office and is specified in the project instructions. If on 

_ arrival at the working ground the selected sites are found to be impracticable, the Chief 

of Party may make necessary substitutions, but he must advise the Office of such 
changes and the reasons for making them. 

1432. General Plan for Tide Stations 

In establishing tide stations in an area, the general plan is to install a standard 
automatic gage at a central point to serve as a control station to be maintained in 
operation during the entire period covered by the survey. In some cases, an existing 
primary tide station in the general vicinity of the project may be used as the control 
station. As the work progresses, secondary tide stations are established at other places 
in the immediate locality being sounded, the distribution depending on the change in 
the tide from place to place. When practicable, observations at each secondary station 
shall be continued over a period of not less than 2 weeks. A portable automatic gage 
is usually used for this purpose. A discussion of locations for the secondary tide stations 
is contained in paragraphs 168 to 177 in Special Publication No. 196, Manual of Tide 
Observations. Detailed descriptions of the tide gages with full instructions for their 

installation may be found in the same publication. Officers must thoroughly familiarize 
themselves with both types of gages and their operation. 

1433. Bench Marks and Leveling 

At each tide station there must be a tide staff connected by levels with at least 
three substantial bench marks, so located that they will not all be likely to be destroyed 
by a common cause. Search shall be made for all old bench marks in the general 
vicinity, their present condition shall be noted, and the old descriptions revised if 

necessary. So far as practicable there should be maintained in every locality where a 
tide staff is installed, or where tide observations have previously been taken, at least 

five bench marks in good condition. Any deficiency found at the time of visiting such 
a site should be corrected by the installation of new bench marks. New bench marks 
should be clearly described so that they may be readily recovered and identified. All 
the bench marks recovered and established should be connected by levels with the 
tide staff. 

In assigning numbers to new bench marks, the duplication of numbers previously 
used in the same locality for other bench marks, whether destroyed or extant, shail be 

avoided. When a bench mark of another organization is recovered and connected by 

leveling with the Coast and Geodetic Survey bench marks, the number or name assigned 
it by the organization is to be retained with such additional abbreviation as may be 

necessary to identify the organization. 
When a tide gage is discontinued, check levels between the tide staff and not less 

than three bench marks shall be run to ascertain whether there has been any change in 
the elevation of the tide staff during the observations. These levels shall be recorded 
on Form 258, Leveling Record—Tide Station, and immediately forwarded to the Wash- 

ington Office. 
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Instructions relating to tidal bench marks and leveling are contained in paragraphs 
97 to 112 of Special Publication No. 196, Manual of Tide Observations. 

1434. Tide Station Reports 

A report on the establishment of each tide station shall be made in duplicate on 
Form 681, Report—Tide Station. The record of levels, with descriptions and reports 

on bench marks, shall be entered on Form 258, Leveling Record—Tide Station. The 
report on the establishment of the station and the record of levels should be forwarded 
to the Washington Office immediately after the installation of the tide station has been 
completed. The location of each tide station and the points at which tide observations 
are taken with the Dorsey Fathometer (see 1436) must be plotted on the hydrographic 
sheet (see 7865). 

1435. Tide Records 

Records from the automatic tide gages are to be forwarded to the Office as promptly 
as possible after the data required by the field party have been extracted. When the 
observations at any tide station are terminated, a notation of the hour and date of the 
discontinuance should be entered on the last marigram taken from the gage. 

1436. Offshore Tide Observations 

‘Because of the high precision of the Dorsey Fathometer (see 524), it is possible to 
measure with it the tide in offshore areas. ‘To obtain results of acceptable accuracy, 
the sea should be relatively calm, the position for the observations should be selected 

where the bottom is known to be level, and the vessel should be anchored with a 

minimum length of chain. 
Tide observations by this method are of value for determining the characteristics 

of the tide at a considerable distance from shore and in areas nearer shore where differ- 

ences in range and time of tide are suspected. When such observations are correlated 
with simultaneous tide records at shore stations, the latter may be adapted for use in 

the reduction of offshore soundings. The observations to be of most value should be 
continuous over at least a 25-hour period,and a considerably longer continuous series 
is highly desirable.- As a check on the accuracy of the results, repeat observations 
should be made during different periods at the same position. 

For observing tides, echo souridings should be read at regular consecutive intervals 
of not less than 15 minutes, recorded on Form 277, Tides, and plotted on cross-section 

paper. Irregularities in recorded heights can then be eliminated by sketching a smooth 
curve from the plotted values. Both recorded and adjusted heights should be included 
in the data forwarded to the Washington Office. A report should accompany the 
record, giving the latitude and longitude of the observations, the condition of the sea 
(height of waves, swell, etc.), the depth of water, amount of chain used in anchoring, 
and an interpretation of results with an estimate of accuracy obtained. When a graphic 
recorder is used, the original fathogram should also be sent to the Office to aid in the 
interpretation of results. 

Tide observations in offshore areas have been made with apparatus of European 
design operated from a ship at anchor or installed on the ocean bottom and marked 
with a buoy for future recovery. The principle of operation consists of the measurement 

of the change of pressure as the tide rises and falls. 
A proposal has been made by the British that tides be measured by placing the 

transmitting and receiving unit of a recording echo-sounding instrument on the sea 



1437 HYDROGRAPHIC MANUAL Pace 34 

bottom, directed vertically upward, to obtain an echo from the water surface, thus 
measuring the rise and fall of the tide. 

1437. Tide Observations by Radio 

Tide observations, especially in flood-control work, are also obtained by means of 
an automatic gage that broadcasts the height of the tide by radio to the survey party. 

144. Compass DEVIATIONS 

For the accuracy of hydrographic surveys and the safety of the survey vessel it 
is essential that the errors of magnetic compasses be kept to a minimum and that 
their amounts be accurately known (see 4414 and 4415). 

Each survey ship and auxiliary vessel equipped with a magnetic compass shall be 
swung to determine the compass errors, which shall be compensated for, so far as 
practicable, at the following times: 

(a) After any extensive lay-up period in port, before proceeding to sea. 

(b) On the working ground at the beginning of each season’s work. 

(c) During the field season whenever there is evidence of an important change in the deviations. 

The ship shall be swung and the compass compensated according to the instruc- 
tions in Special Publication No. 96, Instructions for the Compensation of the Mag- 
netic Compass. The results of the ship swing are recorded on Form 354, Observation 
of Compass Deviations, and computed on Form 355, Computation of Compass Devia- 

tions, and Form 356, Analysis of Compass Deviations. 

The deviations of the magnetic compass used in hydrographic surveying shall be 
entered on page 1 of the first volume of the Sounding Records of each hydrographic 
survey and, if changed during the survey, the new values shall be entered in the 
appropriate volume, with the date of their applicability given (see 819¢c). 

A deviation table on Form 261, containing the most recent values, shall be posted 
in the pilothouse or chartroom of every survey vessel. 

145. WEATHER 

A study of the meteorological conditions is of paramount importance, not only for 

the safety of the vessel, but also for efficient planning of the survey operations (see 1333). 
For the safety of the vessel, the regular Government forecast will usually suffice. 
Major weather bulletins are issued daily via the United States Naval Radio Stations 
and many special local broadcasts are made by certain specified radio stations. 

Condensed data pertaining to the broadcasts are contained in chapter 1 of each 
United States Coast Pilot. Additional information on weather broadcasts will be , 
found in the publications issued by the United States Weather Bureau, and in Hydro- 

graphic Office Publication No. 206, Radio Weather Aids to Navigation (1941). 

1451. Transmission of Weather Reports 

Regular weather reports should not be sent from vessels of the Coast and Geodetic 
Survey unless specific arrangements have been made with the United States Weather 
Bureau. When engaged in offshore operations or when surveying in isolated localities, 
the Chief of Party shall ascertain from the Weather Bureau if regular reports are 
desired and, if so, he shall collaborate in furnishing them. Such reports should be 
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sent in the International Meteorological Code, a copy of which may be obtained by 
application to the Weather Bureau. 

It is to be noted that it is obligatory for every master of a vessel to report any 
danger to navigation. This includes the reporting of tropical storms or other seriously 
bad weather which might endanger shipping. 

1452. Storms at Sea 

When vessels are operating in areas where bad weather predominates, or where 

typhoons or hurricanes prevail during certain seasons, intense studies of these phe- 
nomena must be made by the survey personnel. Much valuable data on winds and 

cyclonic storms will be found in Chapters 21 and 22 of H. O. Publication No. 9, American 
Practical Navigator (Bowditch). 

1453. Local Weather Conditions 

Meteorological conditions often seriously impede the progress of the survey. Few 
operations in a hydrographic survey can be conducted with efficiency and accuracy 

during stormy weather and much of the work requires exceptionally good weather. 
The Government weather forecasts deal with general conditions, but the conditions 
that must be considered in planning the day-to-day field operations are frequently 
local and it is only by long experience and a determined study of these, based on the 
general forecast and supplemented by- personal observation, that full advantage can 
be taken of them. 

Weather conditions vary from the almost perfect (encountered in certain tropical 

regions) to the consistently bad (prevalent along certain portions of the coast). Under 

the latter, which may consist of stormy weather or fog and haze, the execution of the 
work is a constant struggle, and the ability to predict the local weather is an asset to 
any survey party. Since the cloud forms and other meteorological characteristics that 
forerun certain changes in weather in one locality often precede widely differing weather 
in another locality, it is obvious that forecasting can be done only by one with con- 
siderable local experience. 

There is a regularity about certain phases of local weather which, after a knowledge 
of it has been gained, may be used to advantage in planning the field work. For 

example, the diurnal change in temperature and pressure along the coasts results, in 

summer in particular, in a sea breeze which begins in the morning between 9 and 11 

o’clock after the land warms, and dies away in the late afternoon, being then replaced 
by a land breeze which blows gently until morning. In the Tropics, this phenomenon 

is repeated with great regularity. 
In some localities there is a dependable cycle of weather conditions during which 

a period of calm or exceptionally clear weather may be expected at the same regular 
position in the cycle. For example, along the southeastern coast of the United States, 
periods of stormy southeasterly weather are regularly followed by a north to north- 

westerly wind which blows offshore, accompanied by comparatively clear atmosphere. 
_ The trend of the coastline in the locality forms a lee, so that even during moderate 

winds, the sea is calm inshore and survey operations may be conducted there. 

For certain phases of the field operations, exceptionally clear weather is required. 
This can only be predicted from a local knowledge of the area. It has been noted, for 
example, that along the southeastern coast of the United States periods of such weather 
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are accompanied by a pearly translucent appearance of the sky to seaward for a few 

degrees above the horizon. 
When operating in an island area, it is frequently possible to find clear and com- 

paratively calm weather on one side of an island or group of islands when there is fog or 
stormy weather on the other side. . 

Fog, haze, smoke, and other atmospheric conditions seriously interfere with most 
survey operations, and when these are prevalent, the few days of good weather which 
intervene must be taken advantage of to the fullest extent. A shift in the wind, or 
change in barometric pressure, is often accompanied by local clearing weather which 
cannot be foreseen from the Government weather broadcast. 

When a survey vessel operates in an area of consistently bad weather, concerning 
which there is little information, a detailed report of the conditions found, and how 

best to take advantage of them, shall be made in a special report, in order that the 
information may be utilized by future survey parties operating in the same locality. 

(See 8584.) 
PEER 15. MISCELLANEOUS PROJECT OPERATIONS 

BE Fike 151. STANDARD TIME 

~ Standard time shall be used in all hydrographic surveys, the hours being numbered 
consecutively from 0 (midnight) to 23 (11 p.m.). When applicable, the standard 

meridian used must always be noted. This is important in all records to be reduced 
for tide and in records of astronomic observations. 

It is not necessary that the standard meridian used be that of the standard time 
zone in which the project is located. A party may keep its clocks set to daylight- 
saving time or any other time, if desired, but the standard meridian corresponding to 
the clock time must be noted. If the project is located in two standard time zones, 

one standard time shall be selected for use, and the standard meridian noted in the 

records. 
152. Tipe PREDICTIONS 

A knowledge of the approximate tide is necessary in connection with almost all 
operations of a hydrographic survey party. This is essential for planning work that 
should be done at a certain stage of the tide. No party should ever be permitted to 

leave the ship or a shore base without these data. It is frequently sufficient to know 
the predicted times and heights of the high and low waters, a mental interpolation 
sufficing for intermediate values. 

For some of the operations more exact values are necessary. When the hydro- 
graphic survey is of an area with a comparatively large range of tide or where the bottom 
is even, predicted tides must be used for the preliminary reduction of soundings for 
boat-sheet plotting. They are necessary also when determining the least depth on 
a shoal. These predictions may usually be obtained with sufficient accuracy from the 
Tide Tables (see 1521), but in some instances a predicted tide curve may be needed and 

will be furnished by the Washington Office, upon request. 

1521. Predictions From Tide Tables 

When the Tide Tables are used, the procedure is as follows: 

(1) From table 2 find the tide differences applicable to the area being surveyed. Apply these 

differences to the tide predictions for the reference station and obtain the corresponding times and 

heights of the high and low waters covering the period of the work. 
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(2) On cross-section paper, as illustrated in figure 4, plot the low- and high-water points A and E 

in accordance with the time and height coordinates. 

(3) Divide the connecting line AF into four equal parts at points B, C, and D, 
(4) Take point B’ vertically below B and point D’ vertically above D, at a distance equal to 

one-tenth of the range of tide. 
(5) Draw an approximate sine curve through points A, B’, C, D’, and EF. This curve will closely 

approximate the actual tide curve and the required data may be readily scaled from it. 

On the tide curve thus constructed the points at which changes in reducers occur 
can then be marked (see 8224). Thus, when the reducers are desired in integral feet, 
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FIGURE 4.—Construction of predicted tide curve. 

the curve should be marked at points 0.25 above each foot and the corresponding times 
noted. <A tabulation of reducers and times of change can then be taken from the 

curve and furnished to each unit before starting each day’s work. 

1522. Predicted Tide Curve 

When a predicted tide curve for a reference station is furnished by the Washington 
Office, a time correction and range factor will usually be necessary to make the curve 

applicable to the project area. These corrections will generally be indicated on the 
curve by the Office. 
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The predicted tide curve furnished by the Washington Office is on a long roll of 
paper 6 inches in width. If it is to be used extensively it will be convenient to construct 
a small wooden box containing two spools, each of which can be turned by a crank. 
By these cranks the roll of paper can be wound from one spool to the other, passing 
over the flat top surface of the box where it is exposed to view between the two spools. 

a. Time correction.—If the tides in the area sounded occur earlier or later than 
at the reference station, the original numbering of the hour marks must be decreased 
or increased, respectively, by a corresponding amount. The hour marks on the tide 

curve are usually not numbered, but the beginning of each day can be identified by 
a double downward jog in the datum line. With a time allowance of +1 hour this 
double jog will be taken as 1:00 to adapt the curve to the working ground, but if the 
time allowance is —1 hour the double jog will be taken as 23:00 of the preceding day. 

b. Range factor.—The allowance for the difference in range can be most conven- 
iently made by the use of an improvised scale, on a strip of celluloid or paper, repre- 

senting the product of the origmal marigram scale by the reciprocal of the ratio of the 

ranges, as taken from the Tide Tables. Thus, if the marigram scale is 1/30 and the 
ratio of the ranges 0.8, then the improvised scale will be 1/30 10/8=1/24. The-datum 
line of the marigram represents the mean sea level, which on the outer coast may be 

taken as practically the same as half-tide level. To obtain the heights of the tide at 
a given place, the improvised scale is placed on the marigram with its zero at a dis- 

tance below the datum line equal to the depression of the plane of reference below 
mean sea level or half-tide level. For the Atlantic Coast, this depression is approxi- 

mately the half range of tide at the working ground. For the Pacific Coast, it will 
be the half range of tide plus the diurnal low-water inequality. Where there have 
been previous tide observations in the locality, the relation of the plane of reference 

to half-tide level can usually be taken directly from the bench-mark data. 
Where previous tide observations are not available, an approximate setting of the 

improvised scale on the datum line can be obtained by multiplying the ratio of the 
ranges for the working ground by the depression of the datum plane below mean sea 

level at the reference station. The depression can he found in the List of Reference 

Stations preceding the daily predictions in the Tide Tables. Thus, if the ratio of 

the ranges at Oakland (the working ground) is 1.2 and the plane of reference at San 

Francisco (the reference station) is 3.0 feet below mean sea level (from List of Reference 

Stations), then the setting of the scale on the datum line of the marigram would be 

3.0 feet X 1.2=3.6 feet. 

153. MAGNETIC OBSERVATIONS AT SEA 

Magnetic observations at sea with special instruments will ordinarily be taken 
on a nonmagnetic vessel or on a survey vessel by an observer especially trained for 

this work. When such observations are desired, special instructions will be issued for 
them. 

Recent experiments have disclosed that, under the best conditions, a ship swing 
may be made in a nonmagnetic small boat which will give a reasonably accurate value 
of the magnetic variation. If practicable, the swing should be made where there is 

a depth of water of 50 fathoms or more so that the compass is not likely to be influ- 

enced by any local magnetic attraction in the ocean bottom. 
The boat selected for this purpose should be as free as possible from magnetic 

material. Bronze fittings should be substituted for iron fittings where practicable, 
e 
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as for example the iron oarlocks. Two wooden outriggers are constructed from 4- by 
4-inch by 16-foot lumber and installed temporarily athwartship on the gunwales, one 
forward and one aft. To the four ends of the outriggers are hung four canvas sea 
anchors, each approximately 36 inches in diameter. The sea anchors should be sus- 

pended well below the surface of the water, so they will be beneath any wave 
motion, and be weighted by 16-pound sounding leads to ensure that the lines supporting 

them will be taut at all times. These sea anchors are for the purpose of minimizing 
any rolling motion of the boat. 

The observations may be made on a ship standard magnetic compass, but a special 
spherical-type compass is preferable if available. The spherical glass top magnifies 
the compass card, which is equipped with a shadow pin of sufficient height to permit 

the magnetic bearings of the sun to be read directly, provided its altitude is not too 
great. The compass should be mounted on a stand in the center of the boat. No 
iron nails, bolts, or other magnetic metal should be within 4 feet of the compass. 

The same method is used in swinging a small boat as in swinging ship (see 4415). 

The man at the steering oar stands where he can see the compass and steadies the boat 

on each desired heading. <A swing to the right on 24 headings is immediately followed 
by a similar swing to the left on the same headings, four observations on the sun being 
taken on each heading. 

This method of making magnetic observations should be attempted only when 
the sea is comparatively calm. When the survey ship is engaged on offshore sounding 

lines it is frequently practicable to lower a boat party to make the observations, pick- 
ing it up again on a return sounding line, with very little delay to the progress of the 

work. A complete set of such observations can be made in about 2 hours. 
Azimuths may be obtained by observations from the boat, on the sun or on a 

distant land object whose position is accurately known, or from land by an observer 
at a known position. In the second case the position of the vessel or boat should be 
fixed at the time of each observation. 

154. SuRVEY NUMBERS 

1541. Field Numbers 

For convenient reference during the season, each hydrographic sheet shall be 
assigned a field number. This field reference number shall be composed of the first 
two letters of the name of the survey vessel, followed by a 4- or 5-digit number, the last 
two digits of which represent the year, the third from the last representing the number 
of the sheet in the series, and the first one or two numbers representing the scale, 

any scale larger than 1:10,000 being indicated by a zero as the first digit. For example: 

Oc—8341 would designate the third 1: 80,000 scale sheet initiated by the ship Oceanogra- 
pher in 1941. The final two digits represent the calendar year in which the survey was 
initiated, or the number was assigned, and are not to be changed if the survey extends 

into the following calendar year. 
For the same use each topographic sheet shall be designated by a capital letter 

assigned in alphabetical order during the season, a new series starting with “A’’ each 
season. The complete reference shall be composed of the first two letters of the name 
of the survey vessel, followed by the capital letter, followed by the last two digits of 
the year, all connected by hyphens. For example: Ex-B-41 would indicate the second 
topographic sheet initiated by the ship Explorer in 1941. 
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Prior to the assignment of registry numbers, the field designation shall be used to 

refer to a survey in all correspondence and reports relating to it, and on all applicable 
progress sketches and sheet layouts. The field number shall be shown in one or more 
places on the back of each sheet when it is forwarded to the Washington Office (see 
3213 and 793). 

For surveys of the Philippine Islands, registry numbers are assigned by the Manila 
Office at the time a project is planned and there is, therefore, no need for the use of 

field numbers. 
1542. Assignment of Regisiry Numbers 

Each season, as soon as it can be ascertained with reasonable certainty, the Chief 
of Party shall request from the Washington Office the assignment of registry numbers 
to the hydrographic and topographic surveys that will be completed during the current 
season. <A registry number will then be assigned for each field number. Such a 

number consists now of four digits preceded by the capital letter H- or T- identifying it 
as a hydrographic or topographic survey. These numbers have no geographic or cal- 
endar significance. Numbers should not be requested for surveys which have been 
started, but of which there is some doubt as to their completion during the season. 

Topographic surveys made on both sides of aluminum-mounted sheets should be 
definitely identified on the list requested, as each sheet is assigned one registry number, 
its two sides being identified by sub-a and -6b letters. Topographic surveys made on 
Whatman’s paper should also be identified on the list as they are assigned numbers 
from a different series than that used for aluminum-mounted sheets. 

The request for registry numbers should be accompanied by a complete sheet lay- 
out diagram showing the field numbers, unless such layout has been shown on the 
monthly progress sketch. The diagram should be made in black ink so that photo- 
graphic copies may be made. 

1543. Use of Registry Numbers 

After a registry number is known, it shall be used in lieu of the field number in all 

correspondence, reports, etc. The registry number shall be clearly shown in one or 
more places on the back of the boat sheet and smooth sheet (see 3213 and 793), when 
they are transmitted to the Washington Office. It shall likewise be shown in the appro- 

priate space on every record relating to the survey. In all correspondence and in the 

text of all Descriptive Reports, etc., each reference to registered hydrographic and 
topographic surveys shall include the year of the survey in parentheses after the registry 

number, thus: H-6381(1939). 

When hydrographic and topographic surveys are received and registered in the 
archives in the Washington Office, the registry number is stamped prominently on the 
back of each sbeet in all four corners and is placed on the face of the sheet as part of the 
title of the survey. Infrequently, due to unforeseen circumstances, the registry number 
assigned to the field party is changed in the Office. In such cases, appropriate correc- 

tions will be made in all the records and reports pertaining to that survey. 

155. LANDMARKS FOR CHARTS 

A report on landmarks for charts on Form 567 is required from practically all Chiefs 
of Party. During the progress of the survey, each member of the party should note all 

objects which will serve for this purpose. 
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Landmarks on charts are for the aid of the mariner navigating the adjacent waters, 
and the objects recommended for this purpose should be selected with this fact in mind. 
They should be such as could be used for control objects by a hydrographic survey 
party, except that only the most prominent of these are of value. 

The selection of objects should be made as the offshore water area is sounded, 
since from this viewpoint an adequate selection is relatively easy. When the selection 
is made by a survey party based on shore or engaged in land operations, extreme care 

is necessary in making a selection. Objects not visible from the water should seldom be 
reported; if practicable, an inspection should be made from the water area to determine 

the value of the objects reported. The report should state whether or not this inspection 
has been made. 

The report on landmarks should cover the entire area surveyed during the season 
and should be based on an over-all study of the area. Form 567 should not be submitted 
for each hydrographic or topographic survey. Where there is a plethora of landmarks 

in any given area only those of special importance or prominence should be reported. 

By contrast, however, objects of lesser prominence may become important in an area 
where there is a paucity of landmarks. It is desirable that there be a proper distribu- 

tion of landmarks reported rather than a concentration of a large number in a small area. 
Usually landmarks important enough to be listed in the report will have been 

located by triangulation or topography during the progress of the survey. For land- 

marks not so located, in areas covered by the planimetric maps of this Bureau, it will 
usually be practicable to locate them with sufficient accuracy by reference measurements 

to identifiable detail on the maps. In one test of this method, seven landmarks were 

located which were subsequently located by triangulation. A comparison of the 

resulting positions gave an average difference of location of only 1% meters, with the 
largest discrepancy 4 meters. 

A report of landmarks to be deleted from the charts because no longer existent 

or not prominent is also important, and should be submitted on Form 567 at the end 

of the season. A systematic check should be made of the charted landmarks as the 
survey progresses. 

Instructions for the preparation of Form 567 are given in 8534. 

1551. Objects for Use in Locating Aids to Navigation 

The personnel of United States Coast Guard tenders use the three-point fix method, 

wherever possible, to locate floating aids to navigation and to replace them on their 
stations. For their use in this work a special chart shall be prepared by each hydro- 
graphic party on which shall be shown the objects, natural or artificial, best suited for 

this purpose (see 8533). 

During the survey each floating aid to navigation shall be visited for the purpose 
of selecting by inspection the most suitable objects. These need not be restricted to 
landmarks recommended for charting; if there is an insufficiency of these in the most 
appropriate locations, they should be supplemented by less prominent objects, visible 
from the respective aids, and located specifically for this purpose. Permanent objects 

not likely to be destroyed or moved shall be selected. The use of beacons, range marks, 
targets, etc., should be avoided. If three suitable objects cannot be seen, two objects 
should be noted, if practicable, to which bearings can be measured. 
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156. STATISTICAL AND Cost DaTA 

Each Chief of Party is required by the Regulations to submit certain statistical 
and cost data relative to his field work. Among the forms required for this purpose 
are: Form 20a, Monthly Report and Journal of Field Party; Form 21, Statistics, Cost, 

and Summary of Field Work, and Form 615, Summary of Monthly Reports and Jour- 
nals of Field Party and Cost Apportionment, the two latter required at the end of 
each season; and Form M-1133-5, Annual Statistical Report, which is submitted at the 

end of the fiscal year. (See also 851.) 
For use in preparing the required seasonal and annual reports Form 20a should be 

complete and accurate; the cost data should correspond with those on Form 474, State- 

ments of Allotment Balances, and the sums to date of the entries for each fiscal year 
should agree with the total encumbrances or total payments appearing on the State- 
ments of Allotment Balances for the various appropriations. 

As a convenience in the preparation of these and other forms, each Chief of Party 
should have memoranda kept of the various items involved as the work progresses, as 
this will save extensive examination of the records and will avoid a reliance on memory 
at the end of the season. Planning of the field operations with the preparation of 
these reports in mind will aid in their compilation. 

A commendable practice is the inclusion in the season’s report of a chronology of 
the important events occurring during the season. Memoranda kept of these as they 
occur will greatly facilitate the preparation of this report. 

157. CURRENT SURVEYS 

A knowledge of tidal and other currents is of great importance to the mariner, and 
current observations are required upon which to base published current predictions. 
Systematic current surveys are usually made by survey parties especially organized 
and instructed for this work, and long series of current observations are made from time 
to time by the personnel of lightships through the cooperation of the United States 

Coast Guard. 
In areas where currents of importance to navigation occur and detailed current 

surveys have not been made, current observations should be obtained by the hydro- 
graphic party. Especially valuable are current data obtained in calm weather from 

survey vessels at offshore anchorages. The current should be measured with current 
pole and line in accordance with the procedure outlined in Special Publication No. 215, 

Manual of Current Observations. To be of material value the observations should 
cover a period of not less than 25 consecutive hours, although shorter series, such as 
overnight observations, will have some value when the longer series cannot be secured. 

158. NAVIGATION AND SEAMANSHIP 

A knowledge of and experience in the technique of surveying is of little practical 
value in hydrographic surveying unless supplemented by a proficiency in navigation 
and seamanship; in fact, skill in many phases of hydrographic surveying can scarcely 
be attained, or is almost useless, without an accompanying ability in navigation and 
seamanship. The operation of sounding from a vessel underway frequently requires 

navigation of the highest order, and many of the conditions which are encountered 
almost daily by the hydrographer are met by the average mariner only in emergencies. 
A knowledge of how to navigate and handle his vessel under all conditions and of the 
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proper use of lines, anchoring gear, and similar equipment is especially essential for the 
hydrographer. 

Every officer engaged in hydrographic surveying should endeavor to perfect him- 
self in the theory and practice of navigation. The Chief of Party should encourage his 
officers in this and provide them with every reasonable opportunity to gain experience 
in its actual application. Seamanship should be studied and practiced by the officers 
and the crew, to whom should be made available some of the excellent standard treatises 
on the subject. (See 9532.) 

The natural environment of a ship is sea water. It has been said that ‘any well- 
found, shipshape, modern, seagoing steamer or motorship is safe so long as she has 
plenty of water under her keel, plenty of fuel in her bunkers, a competent navigator 
on her bridge, and a well-trained and disciplined crew at their various stations.”” The 
only real danger in a modern vessel at sea is the personal element and one of the worst 
phases of this factor is the almost universal human tendency to become careless in 
matters which have become routine. In the very nature of his work, the hydrographer 

is frequently required to take his vessel into unsurveyed and dangerous waters, but 
familiarity with such conditions should not lull him into a contempt for the danger 
involved. Only a continued alertness will keep sufficient ‘water under her keel.” 

The study and practice of navigation and seamanship will provide a ‘competent 

navigator” on the ship’s bridge and proper training and leadership will provide “a well- 
trained and disciplined crew.”’ 

1581. Safety of Survey Ship 

The Commanding Officer of a survey ship has a grave responsibility; he is per- 

sonally responsible for the accomplishments of the party, but he is also responsible for 
the lives and safety of his officers and crew and for the safety of an expensive survey 
ship. 

The nature of hydrographic surveying requires that more risk be taken at times 

than would be necessary in commercial navigation; this is especially true when operating 

in an unknown or previously unsurveyed area. To prosecute such work expeditiously 
it is necessary to run some risks that would otherwise be considered foolhardy. In such 
cases the Commanding Officer must exercise the nicest discrimination, but both he and 

his officers must beware of overconfidence. 
In surveying an area where a known danger exists, or where one has been reported 

or is suspected of existing, the Commanding Officer is negligent in his duty if he fails to 

take certain definite precautions. He must combat a false sense of security which tends 

to be built up from years of surveying in dangerous waters. Because of the wide variety 
of possible dangers and conditions, no all-inclusive rules of safety can be drawn. The 

following general rules should, however, always be followed during a hydrographic 
survey when approaching, or surveying in the vicinity of, a known or suspected shoal, 

which may endanger the vessel; the application in each specific case depending finally 

on the judgment of the Commanding Officer: 

(1) If practicable, the dangerous area shall be first surveyed from a launch to find and locate the 
danger and to survey an area around it with which a junction can be made in safety from the survey ship. 

(2) The Commanding Officer, before approaching the area, shall make a careful study of all 

available data. 
(3) The Commanding Officer shall be on the bridge, and shall assume charge of the navigation 

of the ship. 
(4) The survey ship shall be slowed down. 

(5) An officer shall be on the lookout in addition to any members of the crew. 
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(6) It must not be assumed that the ship will pass at a safe distance from a danger just because 

the ship’s position plots at what seems to be a safe distance from the charted or plotted position of a 

shoal. Charted positions of shoals are occasionally inaccurate from having been charted from reports. 

or inadequate data. 

(7) When approaching a possible danger at the time of relieving the watch, the offizer-in-charge 

of the bridge shall remain in charge until the danger has been passed, or until the relieving officer has. 

familiarized himself thoroughly with the situation and feels entirely competent to assume charge. 

Any subordinates from the first watch whose services are deemed desirable shall likewise be retained. 
(8) Refer also to 361. 

1582. Small-Boat Landings 

There is perhaps no one phase of seamanship so essential in hydrographic surveying 
as competency in handling small boats and making landings on exposed coasts. Most. 

hydrographic surveys consist of operations along the coastal area where the sea meets 
the shore, and where the greatest danger lies. The very nature of the operations re- 

quires the use of small boats and repeated landings on the shore. An important feature 
of the training of new members of a crew at the beginning of each field season is to 

familiarize them with these duties and to provide every opportunity for them to acquire 

practice. 

Officers and a crew who are experienced lifeboatmen and seamen are essential in 
hydrographic surveying, but it must not be assumed that one who is an otherwise 
competent seaman has the necessary knowledge and experience to make small-boat 
landings under dangerous conditions. This is an art in itself, requiring a special knowl- 

edge and skill only acquired by practical experience and which many seafaring men never 
have occasion to practice. When undertaken by the inexperienced, the danger involved 
can scarcely be overestimated. 

The subject is adequately treated, spends as practicable in text, in many treatises 
on seamanship, and these should be pradied thoroughly and eed at the start of 
each field season (see 9532). The rules published by the Royal National Lifeboat 
Institution on the subject are very helpful. Some valuable comments on coast landings 
are included on page 2, Alaska Coast Pilot, Part II. An almost infinite variety of 
conditions may be encountered, and the method adopted must vary to meet them 
successfully. This Manual can only emphasize the importance of the following in 
connection with small-boat landings under difficult conditions: 

Use only experienced personnel. 

Conditions never appear as dangerous from seaward as they really are. 

Always use a steering oar, never a rudder. 

Keep the boat under control at all times. 

The outermost of a series of breakers is much the heaviest. 

In a strange locality, lie-to outside the breakers to study the particular conditions before attempt- 

ing a landing. 

The one great danger, when running before a broken sea, is that of broaching-to. 

A number of heavy swells are often followed by a short and comparatively mild interval. 

Launching a boat through breakers is a more difficult and exhausting operation, though not 

necessarily a more dangerous one, than making a landing under similar conditions. 

An entirely different technique is required on a steep rocky shore from that required on a gently 

sloping sand beach. 

1583. Flags 

Flags shall be displayed by vessels of the Bureau as follows: The national ensign 
at the flagstaff and the Union Jack at the jack staff in port or at anchor from 8 a. m. to 
sunset; the national ensign at the gaff at sea during daylight when in sight of land or 
other vessels; and the service flag at the fore truck when the national ensign is displayed. 
The commission pennant shall be flown at the main truck at all times. 
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1584. International Code Flags 

A complete set of International Code flags shall be carried for navigational purposes, 
being displayed as the occasions require. 

A card illustrating the various flags shall be kept in the pilothouse in a convenient 
location. 

Ships and auxiliary vessels engaged in hydrographic surveying underway in the 

daytime should display suitable International Code signals in areas where there may be 
considerable foreign steamer traffic. The appropriate International Code signals are: 

“HAD,” signifying “‘I am engaged in submarine work, you should keep clear of me.”’ 

“HF,” signifying “I (we) have a sweep out, you should keep clear of it.” 

“ONA,”’ signifying the same as “HD.” 

In addition to the above signals, the code flags most frequently used by ships of 
the Coast and Geodetic Survey are the red flag to indicate that explosives or highly 

inflammable fuels are being loaded, and those composing the groups used in recalling 
launch and shore parties. 

1585. Signals for Use During Hydrographic Surveying 

The special signals prescribed for daytime use to indicate that a vessel underway 

is engaged in hydrographic surveying are three shapes, not less than 2 feet in diameter, 
carried in a vertical line, not less than 6 feet apart, where they can best be seen; the 

highest and lowest shall be globular in shape and green in color, and the middle one 
diamond in shape and white in color. 

Ships and auxiliary vessels of the Coast and Geodetic Survey shall carry the 
above prescribed marks at all times while actually engaged in hydrographic surveying 

underway, including wire-drag operations. Launches and other boats shall carry the 
prescribed marks when necessary. 

By night a survey vessel of the Coast and Geodetic Survey, engaged in hydro- 
graphic surveying underway, shall carry the regular lights prescribed by THE RULES 
OF THE ROAD. 

A vessel of the Coast and Geodetic Survey, engaged in survey operations at anchor 
in a fairway, shall display from the mast during the daytime two black balls in a vertical 
line and 6 feet apart. At night two red lights shall be displayed in the same manner. 
In the case of a small vessel the distance between the balls and between the lights 
may be reduced to 3 feet if necessary. A flare-up light shall be kept at hand and shown 
if necessary to attract attention in addition to the two red lights prescribed. 

It must be emphasized that the display of the prescribed shapes or the flag code 
signals serves only to indicate the nature of the operations and in no way gives the 
survey vessel the right-of-way over other vessels nor relieves it from a strict observance 
of the rules for the prevention of collisions of vessels. 

When it is apparent that an approaching vessel does not heed signals displayed 
by the survey vessel, the ‘‘danger signal’’ (not less than four short and rapid blasts 
of the whistle) should be sounded by the survey vessel. 

159. Coast Pitot REPORTS 

All hydrographic parties shall collect coast pilot information and furnish at the 
end of each season a special report on this subject for use in the revision of the Coast 

Pilot of the area. This report should include information obtained while en route to 
and from the project area as well as that gathered on the working ground. It should 

be a compilation made from the notes and memoranda kept by each hydrographic 
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unit and the survey ship, all gathered into one comprehensive report (see 385). 

The report should be submitted in duplicate, the information to be contained therein 
and the manner in which it should be furnished being described in 912 and 916. In 

all cases where the information in the published Coast Pilots is found to be accurate 
and adequate, a statement to this effect should be included in the report. 

Such data should not be made a part of the Descriptive Report or if they are 
included therein they should be repeated in the special coast pilot report. 

Important information and especially anything affecting the safety of navigation 
should be forwarded to the Washington Office at once and dangers to navigation dis- 
covered should be reported by radio. 

1591. Photographs 

Photographs of field activities, personnel, and equipment, particularly when they 

illustrate actual survey operations, are of considerable value. Chiefs of Party are 

directed to have such photographs taken whenever practicable and forwarded to the 

Washington Office. Photographs are particularly needed illustrating new equipment, 
new types of apparatus, and the various kinds of signals and buoys. Photographs are 

also needed illustrating new techniques of actual field operations. 

Negatives are preferable to prints since they afford better reproduction. Photo- 

graphs should be comparatively large or be taken with a camera that will permit 
subsequent enlargement. An effort should be made to obtain sharp distinct outlines 

and decided contrasts. A photograph of a piece of equipment or other inanimate 

object should include a person standing nearby or an object of known size to show 
relative size. 

Photographs intended for illustrations in Coast Pilots should be taken from a 

position where the view would likely be most useful to the mariner, such as when mak- 

ing a landfall. In a region where the coast may be closely approached with safety, 
photographs of distinctive features which can be identified during low visibility are 
especially useful. In this case they should be taken close to the feature. The title 

of a photograph intended for a coast pilot illustration must always include a statement 
of the distance of the feature and the direction toward which the camera was pointed. 

The negatives or duplicate prints of illustrations for a season’s or special report 

should be submitted separately so that the report will not be mutilated by removing 

the photographs for registration and filing. 
A photograph is useless unless it is accompanied by certain descriptive and his- 

torical data. Each photograph or negative should be accompanied by Form 623A, 

Photographic History, on which information should be furnished for items 3 to 8, 
inclusive, and item 13. The descriptive title should be sufficiently comprehensive to 
leave no doubt regarding any feature of the photograph. After a negative has been 

registered, prints may be ordered by reference to the registry number. 

16. GEOGRAPHIC NAMES 

Correct geographic names are essential on every nautical chart. In well-populated 
areas many geographic names are soon well established in local usage because of the 

need people have for referring to the features in their vicinity. But even in un- 
populated regions distinctive names for the more important geographic features are 
necessary for the intelligent use of charts and Coast Pilots. It is distinctly annoying 

and conducive to error to have to use latitudes and longitudes or long descriptive 

phrases to refer to geographic features. 
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161. GEocRAPHIC NAMES ON THE HypROGRAPHIC SURVEY 

The principal sources of the charted geographic names are the hydrographic and 
topographic surveys made by the Bureau. For the project area the geographic names 
already charted should be verified, and all additional names well established in local usage 
should be sought out. The hydrographic and topographic surveys are source material ; 

geographic names should not be merely copied from other maps and charts—the 
field party should verify, if practicable, whether or not they are in undisputed local 
usage, before placing them on the sheets. 

The hydrographic surveys should be the authority for all geographic names sea- 

ward from the high-water line, including the names of all water features such as chan- 
nels, sloughs, rivers, inlets; and those of the reefs, rocks, banks, and shoals therein; 

and all small islands and the names of geographic features thereon. Only a few geo- 
graphic names on the mainland need be included and these principally for reference 
purposes. 

Topographic surveys, planetable and air photographic, should be the authority 

for all geographic names inshore from the high-water line, including the names of all 
land features; and in addition the names of lakes, small streams, rivers, and sloughs 
which are not sounded during the hydrographic survey. 

It is almost impossible to have too many authentic geographic names on an original 
survey sheet, even though they may be far too numerous to be included on the charts 

of the area. The sheets will serve as source material and may be used as the authority 
for purposes other than charting. 

Geographic names should not be inked on hydrographic or topographic survey 
sheets by the field party. They should be lettered in pencil and should refer unmis- 
takably to the features named, but only after verification in the Washington Office 
will they be inked. (See 787.) 

162. INVESTIGATION OF GEOGRAPHIC NAMES 

It is particularly important that geographic names on the charts be correct not 

only as to name, but also as to spelling and application. No other feature on a chart 
or map is so easily verified by the user. Errors in geographic names are an indication 
of carelessness which soon reflects on the accuracy of the other charted data. 

Field parties should not merely copy geographic names from current editions of 
the charts or other maps onto their hydrographic sheets. Charted names and those 
in the Coast Pilots should be checked against local usage. If a name is well established 

through long use on maps and charts and is appropriate it should be adhered to even 
though found to differ from local usage, especially if the feature is of more importance 

to navigation than it is to the inhabitants, or if the local name is an awkward or 
difficult one. 

Where published names differ from local usage the hydrographer should ascertain 

how well established the local name is and, if possible, the origin of it. Dual names for 

the same feature lead to confusion and inconvenience and such cases are referred to the 

United States Board on Geographical Names for decision. A rather complete statement 

is required in each case and the sources from which the local name was obtained must 

be stated. (See 1671.) 

Map sources which are easily accessible to the hydrographer should be consulted 

for geographic names, but an exhaustive search for such material is not required. The 

standard quadrangle maps of the United States Geological Survey should be consulted 
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as well as any authentic local maps. Copies of the latter, if obtainable, should be 
forwarded to the Washington Office with the special report on geographic names 
(see 163). 

For names not found on published maps and charts, well-established local usage is 

the best and practically only authority. It is sometimes difficult, however, to ascertain 
whether or not a name is well established. Markers placed by an official agency 
such as a State highway department can usually be accepted as reliable evidence. 
Judgment is necessary in determining the reliability of persons questioned about names. 
Only those who have been long established in a locality should be accepted as authori- 

ties; those whose business has an intimate connection with the land should be consulted 
about names of topographic features, but only those living near or who have interests 
connected with the water should be consulted about names of hydrographic features. 
Newcomers in a locality may either not know or be indifferent about giving correct 

information, while others may intentionally mislead the inquirer for personal reasons. 
The correct spelling of a geographic name must be ascertained. This is almost as 

important as knowing what the name is. Many common proper names may be cor- 
rectly spelled in two or more ways; for example, Jouett and Jewett, Anderson and 
Andersen, Paynes and Paines. The pronunciation of a name, no matter how common 
it seems, cannot be trusted as a guide to the spelling; for example, Reaves Point on Cape 

Fear River is not Reeves Point, Jourdan River in Mississippi is not Jordan River, and 
Centers Point in Maine is not Senters Point. Well-established local usage can gener- 
ally be accepted for the correct spelling of a new name, although it must be accepted 
with reservation for names that have historic background, particularly if the language 
of the present inhabitants differs from that of the original settlers. If the only authority 
for the spelling is local inhabitants, care must be taken to impress on them the im- 
portance of this feature. The spelling of new names may often be settled authori- 
tatively by reference to legal documents. 

Where names on federal maps and charts are found to be in disagreement or to be 
in disagreement with local usage a rather complete report of the facts is required. Many 
such cases may be traced to careless spelling. There was a time when comparatively 
little attention was given to the spelling of names, and during the settlement and early 

development of the country the spelling of even the commonest words was unsettled 
and capricious. Even today the spelling of the names of some of the prominent 
citizens of that period is still in dispute because they themselves signed their own 
names variously to different documents. The spelling of foreign and Indian names 

which have been applied to geographic features is often particularly confused. 
A geographic name is usually applied to some particular feature which has identity 

like an individual. If the feature should cease to exist that name becomes meaningless 

and should be deleted from the charts. The practice of transferring a geographic 

name from one feature which has ceased to exist to another similar feature in the 
locality leads only to confusion and should be abolished. A typical example is where a 
previous inlet through a barrier beach has been closed permanently and another similar 

inlet breaks through a few miles away. However, this objection does not apply to 

an inlet or point of land that has migrated from its original position. 
Errors in geographic names may occur because the name was incorrectly applied 

to a feature by the surveyor. It may appear on a map or chart as referring to one 
feature whereas as used locally it applies to a different feature in the immediate vicinity. 
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163. SpeciAL REPoRT ON GEOGRAPHIC NAMES 

When practicable, the field party should submit a special report on geographic names 
to cover the entire project area, or several reports to cover it in parts, irrespective of the 

limits of the individual survey sheets. The report should contain all of the information 
resulting from the field partiy’s investigation, relative to the names, arranged in a con- 
venient reference form. 

This method of submitting the data is by far the most satisfactory one when the 
hydrographic survey has been preceded by an air photographic survey, and it may be 
the most convenient method of reporting such information when the hydrographic 
survey is preceded by contemporary planetable surveys. 

Usually in connection with the geographic names of a project area a comparatively 
large number of local persons are consulted and sometimes a large number of maps of 
the area are compared. A convenient way of reporting the results is to list the names of 

all of the consultees with their addresses, numbering each consultee so that easy refer- 

ence may be made under each geographic name. A similar method may be used to 

report the maps and charts consulted by referring to each one by a letter of the alphabet. 
Information regarding each name should be reported in a short concise paragraph, 

which should include the extent of the local usage, a discussion of any variations in 
spelling or application, the origin of the name and the date when it was first applied 
to the feature, if known. If the name is a descriptive one, a statement should be in-— 

cluded as to its appropriateness. References to local usage as evidenced by posted’ 
signs, local maps, or in local writings, should be included. 

In reporting local usage the hydrographer should be extremely careful to report 

the name in form and spelling exactly as used. This is particularly important when the 
possessive case is involved. It is the duty of the hydrographer to report the facts as he 

finds them, irrespective of any of the guiding principles of the Board on Geographical 
Names or preference on the part of the hydrographer or the Washington Office. 

When a geographic name is pronounced locally in a way not apparent from the 

spelling, a phonetic explanation of the pronunciation should be included. 
In addition to the above information the special report should contain recom- 

mendations for cases where local usage disagrees with the published charts of the 

Bureau (see 1631). Charted names, which are found to agree with undisputed local 

usage and with other federal maps, should be listed and a statement made to this effect. 
When no special report has been furnished, all of the above information required 

for geographic names should be reported in the Descriptive Report (see 164 and 165). 
A number of examples are given in 166 illustrative of the information which is 

desired relative to geographic names. 

1631. Recommendations When Usage Disagrees 

Shiner a charted name differs from that on other federal maps or from well-estab- 

lished local usage, at least three local authorities should be consulted. The hydro- 
gerapher should make a recommendation as to which name in his opinion should be 
approved for charting. The recommendation should be based on how thoroughly the 
name appears to be established in local usage, on how important the feature is to navi- 
gation, on which name has the most individuality, and whether or not persons navi- 
gating in the area may use the charted name even if it differs from local usage. 

The information should be complete enough so that the case can be submitted to 
465382—44__5 
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the Board on Geographical Names without further local inquiry by the Washington 
Office. 

164. AssIGNMENT OF NEW NAMES 

In an unpopulated area which is being thoroughly surveyed for the first time on a 
large scale, names may be needed for previously unnamed features. When such 
features, in the opinion of the hydrographer, are important to navigation and will need 
to be referred to by navigators, in the Coast Pilots, or elsewhere, he should list them in 
the Descriptive Report, recommending suitable names (see 165). 

So far as practicable, names of the type already in use in the area and that have 
some historic, incidental, or descriptive significance should be selected. Names with a 
historic significance are preferable and a little research will often disclose satisfactory 
names connected with the history or traditions of the place, some characteristic of its 

inhabitants, or some outstanding happening in the vicinity. Descriptive names are 
generally unsatisfactory because most of them have been used repeatedly and their 
assignment to new features only adds to the confusion instead of providing names 

which identify as intended. Such names as Grassy Point, Round Island, Green 
Island, Mirror Lake, and many other similar names are in such frequent use that they 
provide no useful identification. When the form or character of the feature is so unusual 

that a certain descriptive name identifies it beyond doubt then that name should be 
recommended. 

The correct generic term should likewise be recommended for the feature. Generic 
terms are applied differently in different regions and predominant local usage in this 
respect should be followed. In 168 definitions are given of a number of water features 
and some guiding rules for other features. For shoals and submarine features the 
rules should be followed for all new recommended names; for all other features they should 

be followed where there is no conflicting predominant local usage. 
The recommended names should conform so far as practicable to the guiding prin- 

ciples of the Board on Geographical Names (see 1671). All recommendations will be 
reviewed in the Washington Office and when considered inappropriate others will be 
substituted before the cases are submitted to the Board for decision. 

165. List or GEocrRAPHIC NAMES IN DESCRIPTIVE REPORT 

In addition to any other report or reports on geographic names (see 163), each 

Descriptive Report shall contain an alphabetical list of all of the geographic names 
lettered in pencil on the sheet when forwarded to the Washington Office (see 8433). 
If a special report covering all of these names has been or will be submitted, the infor- 
mation should not be duplicated in the Descriptive Report, but the latter should 
contain a reference to the special report as the authority. The Descriptive Report 
should supplement the special report if new facts have been discovered relative to any 
of the names previously reported on. When the alphabetical list contains geographic 

names which were not reported in the special report, the Descriptive Report should 
contain all of the information available relative to them. 

Besides the above, the Descriptive Report should contain the hydrographer’s 
recommendations for names for important previously unnamed features (see 164). 
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166. EXAMPLES OF GEOGRAPHIC NAME INFORMATION 

For the guidance of the hydrographer, the following examples illustrate the type 
of information which should be contained in the special report on geographic names 
required in 163: 

ARROWHEAD POINT—A descriptive name, in undisputed local usage. An official signpost, erected by the State highway 

department, bears this name and identifies the point. The name is derived from the shape of the point which resembles an arrowhead. 

ATSENA OTIE (KEY)—In undisputed local usage. The name has appeared on various maps and surveys in the following 

varied forms: Atsenaotie, Atseniota Key, Ate Senotia, Otcena Otee, Atcena Otie. The name is so well known locally that local resi- 

dents never realized there was any doubt about the spelling. It appears, spelled as above, on the local county tax rolls, first in 1874. 

A local newspaper, The Cedar Key Commercial, in September 1891, contained this statement: ‘“‘Ferry boat Col. Cottrell will make 

regular trips between the island and Atsena Otie.’’ A local resident possesses a picture post card, showing the pencil mill on the 

key in 1889, which contains this spelling. 

At one time there were perhaps 1,000 people living on the key, but at present it is completely deserted. 

According to local information the name is of Indian origin and the “‘Otie’’ may mean island or key. Locally the key is generally 

referred to simply as “‘Atsena Otie,” without any additional generic term. The addition of the term Key is recommended, however, 

since its topography resembles other keys in the vicinity. 

The present charted name of Depot Key is unknown locally. 

BISHOP’S POINT—In undisputed local usage. The point was named after an early settler, now deceased. No local usage 

could be found for the name Wry Key, appearing on T-423 (1852-4), nor for Rye Key, appearing on the United Stafes Land Office map, 

approved by the Surveyor-General in 1851. The name Bishop Point is recommended. 

CROSS MOUNTAIN—-A 4,000-foot peak near the north shore of the inner end of Silver Bay. The name is in undisputed local 

usage and is derived from the fact that snow, collected in deep ravines high up near the summit, appears as a large foreshortened cross. 

This snow cross is plainly visible practically allsummer. Attention is directed to the fact that this name, Cross Mountain, is errone- 

ously applied to an adjacent mountain on the charts of the area. 

HODGES ISLAND—In undisputed local usage. Several generations of the Hodges family have lived and are buried on the 

island. Note that the final ‘‘s” is a part of the family name and not a possessive. One local resident states that the island was at one 
time known as Hickory Island. 

MILL COVE —In undisputed local usage. The name is derived from an old tide mill which operated in this cove. Some maps 

show this name applied erroneously to another cove, but, according to all local residents consulted, it is correctly applied on T-4873 
(1934). 

MILL POND-—In undisputed local usage. Histories state that ‘“Here stood the corn mill and saw mill, erected probably in 

' 1643 or 1644.” Although this common name is used to excess throughout the country, its retention for this feature is nevertheless jus- 

tified and recommended. 

MT. HOPE—A charted name. No local resident could be found who was familiar with this name, nor is there apparently any 

local name for the feature. Because of the insignificance of the feature, the deletion of the name is recommended. 

PATCH’S POND-—A local name verified by three persons living in the vicinity and by the town engineer. The name is derived 

from the Patch Ice Company, which cut ice on the pond for many years. This pond is erroneously named Echo Lake on some maps. 

An earlier name was Flat Ledge Pond from the flat rocky ledge projecting from the shore out into the center of the pond. 

SQUAW ROCK—A descriptive name, in undisputed local usage. It applies to a rock overhanging the shoreline and is derived 

from the fact that the rock resembles an Indian squaw. 

WHITE MAN’S POINT—The Indian name for this point is unpronounceable and the spelling of the Indian name could not bé 

ascertained. It is well established, however, that the translation of the Indian name is as given above. The name is no doubt derived 

from the fact that John Muir and his party camped on this point in the summer of 1890. 

167. United STATES BoARD ON GEOGRAPHICAL NAMES 

The United States Board on Geographical Names was established by Executive 
order in 1890 (as the U. S. Geographic Board) to establish uniform usage throughout 

the Federal Government as to geographic nomenclature and orthography, particu- 
larly on federal maps and charts, and to decide unsettled questions concerning geo- 

graphic names. Through several Executive orders the duties and authority of the 
Board have been changed, expanded, and more clearly defined, but essentially they are 
as originally defined. 

The jurisdiction of the Board includes practically all disagreements concerning 
geographic names in which federal publications are involved. Its duties include deci- 
sions in cases of disputed geographic nomenclature, and in disputed spellings and appli- 
cations of geographic names; the determination, change, and fixing of place names with- 
in the United States and its insular possessions; and the review of all newly assigned 
geographic names hereafter suggested for use in federal publications. 

The decisions of the Board relative to geographic names are final so far as the 
Federal Government is concerned and are to be accepted as the standard authority. 
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1671. Decisions of the Board 

The full Board is composed of a number of federal employees representing the 

principal map and chart making agencies and a few representatives of nonfederal insti- 
tutions.’ 

The decisions of the Board are made by an executive committee of three members 
whose actions are from time to time reviewed by the entire Board. The decisions are 
made available in mimeograph form to the persons principally interested soon after they 

have been made. The decisions made each fiscal year are published in leaflet form, 
and at long intervals all of the decisions of the Board since its establishment are 
published complete in one consecutive alphabetical list. The sixth report of the Board, 
published in 1932, is the latest complete report. 

In general, the Board renders decisions only for cases which are submitted to it by 
the various federal agencies. The cases fall into three major classifications: first, 

where differences exist in name, spelling, or application on federal charts, maps, and 
publications; second, names for which established-local usage is found to differ from 
federal usage; and third, assigned names recommended by a federal agency for heretofore 
unnamed features. © 

Each case involving a name is reported separately on a form to the Board, with 

all the information which the agency has available relative to the various usages found 
on maps and locally. 

Many of the early decisions of the Board were rather routine—attention was 
mainly on variations in spelling, local usage was often not determined, and definitions 

were incomplete or indefinite—the tendency was to base decisions solely on the informa- 
tion furnished by the agency submitting the case. In recent years each case has been 
thoroughly investigated by the Board before a decision has been made. A thorough 
examination of past and present map usage is made, with special emphasis placed on 
federal map usage. If it has not been done by the submitting agency, the Board also 
solicits information from local residents who are most likely to be familiar with the 
facts. Formerly only the proper names were considered by the Board, but current 

decisions include the generic terms as well. 
The Board follows certain guiding principles, which are not to be considered rules 

and from which it departs whenever it deems it advisable to do so. The following are 
some of the more important principles: 

Euphonious and suitable names of foreign or Indian origin should be retained. 

The excessive duplication of extremely common names, especially within one State, should be avoided. 

Newly assigned names in honor of living persons are not approved. 

Long and clumsily constructed names and names composed of two or more words are to be avoided. Ifa two-word name is essen- 

tial, consideration is given to combining the two words into one. 

Only one name should be applied to a stream throughout its entire length and the name should generally follow up its longest 

branch. 

Where practicable, independent names should be given to the branches of a river—such names as East Fork and North Prong 

being avoided if possible—unless there is thoroughly established usage to the contrary. 

The spelling and pronunciation which is in undisputed local usage should generally be adopted. 

The possessive form should be avoided when it can be done without destroying the euphony of the name or changing its meaning. 

When the possessive ‘‘s’”’ is retained the apostrophe is invariably omitted. 

Where two or more names for the same feature appear to be equally established in local use, that which is most appropriate, 

euphonious, and older should be adopted. 

There is some misconception regarding the application of a few of the principles. 
The restriction against naming features in honor of living persons is applicable only in 
the case of names which are newly assigned to previously unnamed features; the prin- 
ciple does not apply where names of living persons have become established as geo- 
eraphic names either through local or map usage. A geographic name in undisputed 

| The Board on Geographical Names was reorganized and its staff and the scope of its functions were vastly enlarged in 1943. Its 

activities are under the Secretary of the Interior, and the Board as described in the text serves in an advisory capacity. 
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local usage for a feature previously unnamed on maps and charts is invariably approved 
without change; exceptions are when it is in the possessive form, indecent, objectionably 
inappropriate, and sometimes to restore an original spelling or a name with a historic 
background. 

1672. Cases That Should Be Submitted to the Board 

Most geographic names may be used without being submitted to the Board on 

Geographical Names for a decision. Among these are the following, when they are 
not known to be in disagreement or in conflict with the principles adopted by the Board: 

Names used on federal maps and charts published since 1920. 

Names in undisputed local usage. 

Names which have been “provisionally adopted”’ by the Board. (Baker’s Geographic Dictionary 

of Alaska, Special Report on Geographic Names in the Philippine Islands published in 1901, and the 

Atlas of the Philippine Islands published in 1900, have been provisionally adopted.) 

Official names of post offices appearing in the United States Postal Guide. 

Names of structural features such as highways, bridges, and lighthouses. 

Names in undisputed usage except for errors that are acknowledged as such, or are obviously 

typographical or accidental. 

The following classes of names are to be submitted to the Board for a decision: 

All new names recommended for previously unnamed features. 

New names for previously named features and old names that are to be applied to features 

differing from the original ones. 

Names for which there is an existing decision of the Board which appears to be incorrect or in- 

adequate from latest information. 

Names whose usages differ in federal or other publications, or whose local usage differs from 

published usage. 

Names of towns and villages which differ from the names of the post offices or railroad stations 

located therein. 

Names of places (cities, towns, villages, and settlements) which are duplicated within the same 

State. 

Although not obligatory, it is generally desirable to submit the following types of 
cases to the Board for a decision: 

Names of natural features which are likely to cause confusion through duplication. 

Names for which there are existing decisions of the Board concerning which important new evidence 

has been brought forth or which it is believed might be revised if reconsidered. 

Names for which there are existing decisions or names in undisputed use that are not spelled 

in accordance with their derivation or that are objectionable because they are awkward, misleading, 

or difficult to spell or pronounce. 

Field survey parties are not to submit requests for decisions on geographic names 

direct to the Board on Geographical Names. All such requests are prepared in the 
Washington Office after the survey sheets and reports have been received and the 
eeographic names have been reviewed. 

168. TERMINOLOGY FOR SUBMARINE RELIEF 

The following terminology should be used in referrmg to unnamed features that 
conform with the definitions, or when recommending new names for previously un- 

named features. The definitions are intended to standardize usage in surveying and 
charting and have no legal significance. The features defined have been broadly 
divided into primary and secondary features. The primary features are, in general, 

major deep-sea or continental marginal features of considerable magnitude, the terms 
for which have attained international usage in recent years. The secondary features 
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generally comprise features of specific navigational importance as well as a few coastal 
and inland features, the terms for which heretofore have been used in a loose, confusing 
manner. The common terms referrmg to embayments and streams are often used 
locally with specific meaning applicable only in that region. From the standpoint of 
regional uniformity, it is often advisable in specific instances to follow such local or 
regional usage. 

1681. Primary Features 

a. Marginal continental features: / 

BANK.—A detached, broad, and relatively shallow area on the continental shelf or in greater 

depths, not constituting a danger to navigation in itself, but from which may rise a reef, shoal, or 

other secondary feature, which is a danger to navigation. (See Bank in 1682.) 

CONTINENTAL SHELF.—The zone. of the submerged continental margin from the coast 
offshore to the continental slope (in depths of about 100 fathoms). 

CONTINENTAL SLOPE.—The declivity from the offshore border of the continental shelf 

at depths of approximately 100 fathoms to oceanic depths. It is characterized by a marked increase 

in gradient. 

INSULAR SHELF.—The zone of the submerged margin of an island or group of islands from 

their coasts offshore to the insular slope (in depths of 50 to 100 fathoms). 

INSULAR SLOPE.—The declivity from the offshore border of the insular shelf at depths of 

50 to 100 fathoms to oceanic depths. It is characterized by a marked increase in gradient. 

b. Deep-sea depressions: 

BASIN.—A large submarine depression of a general circular, elliptical, or oval shape. 

DEEP.—The well-defined deepest area in a submarine depression. 

DEPRESSION.—A general term signifying any depressed or lower area in the ocean floor. 

DEPTH.—The maximum sounding measured in a deep. 

FOREDEEP.—A deep, elongated depression fronting a mountainous land area. (A geologic 

term which ean include a submarine trench or trough.) 

TRENCH.—A long and narrow submarine depression with relatively steep sides. (Converse 

of ridge.) 

TROUGH.—A long and broad submarine depression with gently sloping sides. (Converse of 

swell.) 

c. Deep-sea elevations: 

PLATEAU.—An elevated feature having an extensive flat top, usually with rather steep side 

slopes. 

RIDGE. 

trench.) 

SEAMOUNT.—A submarine mountain rising more than 500 fathoms above the ocean floor. 

(See Knoll in 1682.) 

SWELL.—An extensive long and broad elevation which rises gently from the ocean bottom. 

(Converse of trough; supersedes former term rise.) 

A long and narrow elevation with steeper sides than those of a swell. (Converse of 

1682. Secondary Features 

a. Embayments (application of specific terms varies with locality) : 

BAY.—An extensive arm of the sea which is usually smaller than a gulf. 

BIGHT.—A small open bay formed by an indentation in the coast; a minor feature which 

affords little protection for vessels. 

COVE.—A small sheltered recess in a shore or coast, generally inside a larger embayment. 

HARBOR.—A natural or artificially improved body of water providing protection for vessels, 

and generally anchorage and docking facilities. 

INLET.—An arm of the sea, comparatively long with respect to its width and not restricted at 

its entrance, which may extend a considerable distance inland; or a relatively narrow passage con- 

necting a virtually enclosed body of water with the sea. 
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6. Coastal features: 

CAPE.—A relatively extensive land area jutting seaward from a continent or large island 

which prominently marks a change in or interrupts notably the coastal trend; a prominent feature. 

COAST.—A zone of land of indefinite width bordering the sea; the littoral or coastal region. 

HIGH-WATER LINE.—The line where the established plane of mean high water intersects 

the shore. 

ISLAND.—A land area (smaller than a continent) extending above and completely surrounded 
by water at mean high water. 

ISLET.—A very small and minor island. 

LOW-WATER LINE.—The line where the established low-water datum intersects the shore. 

The plane of reference that constitutes the low-water datum differs in different regions. 

POINT.—The extreme end of a cape, or the outer end of any land area protruding into the 

water; less prominent than a cape. 

SHORE.—The narrow zone of land fronting any body of water. 
SHORELINE.—The line of contact between the land and a body of water. (The line delineating 

the shoreline on Coast and Geodetic Survey nautical charts and surveys approximates the high-water 
line.) 

c. Streams (application of specific terms varies with locality): 

BAYOU.—A minor sluggish waterway or estuarial creek, generally tidal or characterized by a 

slow or imperceptible current, and with its course generally through lowlands or swamps, tributary 

to or connecting oth-r streams or bodies of water. In the Gulf Coast region, Florida Peninsula, and 

lower Mississippi Valley, many specific meanings have been implied. 

BROOK and RUN.—Minor streams always tributary to creeks and rivers. 

CREEK.—A stream, less prominent than a river in any region, generally tributary to a river 

or another creek. 

LAGOON.—A shallow body of water, as a pond or lake, which usually has a shallow restricted 

outlet to the sea. 

RIVER.—A stream relatively prominent in any extensive region. 

SLOUGH.—A minor muddy marshland or tidal waterway which usually connects other tidal 

areas. 

d. Submarine depressions: 

CALDRON.—A small deep of a general circular, elliptical, or oval shape. 

CAN YON.—A deep submarine depression of valley form with relatively steep side slopes. 

SEAVALLEY.—A submarine depression of broad valley torm without the steep side slopes 

which characterize a canyon. 

VALLEY.—A prolongation of a land valley into or across the continental or insular shelf, which 

generally gives evidence of having been formed by stream erosion. 

e. Submarine elevations: 

BANK.—A non-coral or non-rocky area extending from the shore which may uncover and is 

a menace to surface navigation. (See Bank in 1681.) 

CREST.—The more or less narrow, irregular, longitudinal top of an elevated feature such as 

a ridge or seamount. 

DOME.—A specific dome-shaped elevation with a characteristically rounded profile. 

KNOLL.—A small submarine hill, or elevation, rising from the ocean floor, but which is smaller 

and less prominent than a seamount. 

LEDGE.—A rocky formation continuous with and fringing the shore. The area that uncovers 

is usually represented on charts by symbols. 

PINNACLE.—Any characteristic rocky column which is dangerous to surface navigation. 
REEF.—Any coral elevation, or a detached rocky elevation that is dangerous to surface navi- 

gation and may uncover. A rocky reef is detached from shore but a coral reef may or may not extend 

from the shore. (See Bank in 1681.) 

SHOAL.—A detached non-coral or non-rocky area which is a menace to surface navigation 

and may shift in position or change in shape. (See Bank in 1681. Reefs and shoals are 
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always menaces to surface navigation. Similar continental or insular shelf features of greater depth 

are usually termed banks.) 

SPUR.—A prolongation of a land ridge onto or across the continental or insular shelf; or any 

minor submerged ridge; or a submerged ridge of lower elevation projecting or radiating from a larger 

and higher feature. 

17. OPERATIONS BEYOND PROJECT LIMITS 

Survey vessels when proceeding to or from their project areas should take every 
opportunity to verify the published charts and coast pilot information along their route, 
in ports at which they may call, and particularly in areas immediately adjacent to 
their project. Echo sounding has made it possible to obtain soundings along the 
route without material delay to the vessel. 

171. SounpING EN ROUTE 

Advantage should be taken of the transit of vessels to obtain information in blank 
or insufficiently sounded areas on the charts. It is frequently possible to make a 
slight deviation from the direct course between two places in order to pass over such 

areas. With echo sounding one line may be run across the area without delay in passage. 
If the area is offshore and out of sight of land the voyage should be planned, if 

practicable, to arrive at the area shortly after sunrise so that an adequate astronomic 
fix may be obtained shortly before arrival. 

Soundings obtained en route may be plotted on a copy of the largest-scale chart 
of the area, on which should also be shown the lines of position, if astronomic obser- 
vations have been obtained. The chart should be forwarded to the Washington 
Office with a report discussing in full the circumstances and giving complete data 

regarding the control used. 

172. REPORTED SHOALS 

Each survey vessel should investigate any reported shoals or dangers to navigation 
along a route, especially those marked ED (existence doubtful) or PD (position doubtful) 

on the charts. Circumstances will determine to what extent deviation from a pre- 

arranged route is justifiable in a given case. Such shoals or dangers as lie immediately 
adjacent to the project area should be thoroughly examined as opportunity affords. 

The project instructions will specify the type of examination to be made for those areas 

known to require special investigation. 
There may be reported locally to the Chief of Party dangers to navigation con- 

sisting of rocks, reefs, shoals, or sunken wrecks either not charted or incorrectly charted 

and each of these should be investigated if the information is believed reliable enough 
to warrant it. Experience has shown that many such reports are untrustworthy 

either because they are based on discolored water or floating debris having been 
sighted or because the position reported is far from the true one. It is often very 
difficult to prove or disprove the existence of a reported danger, especially if it is 
out of sight of land. A preliminary investigation may only tend to prove or disprove 
its existence, requiring subsequent arrangements for a more thorough examination. 
In such cases the facts should be reported to the Washington Office by radio and 

instructions requested. 

To make a thorough investigation to prove or disprove a reported danger out of 

sight of land, it is almost essential to use one or more survey buoys to ensure 

adequate coverage of the area (see 2535 and 2571). Survey buoys can now be anchored 
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in depths greater than a thousand fathoms if the vessel is properly equipped (see 283), 
but ordinarily they will not be needed unless depths considerably less than this are 
found during the preliminary investigation. 

A complete and separate report of each investigation made shall be forwarded 
to the Washington Office at the earliest opportunity. The report should give the 
latitude and longitude of the least depth found and should include all of the sounding 
and control data, and a discussion of the methods of control used. 

If a danger to navigation is discovered it must be reported immediately by radio 
(see 8522). 

173. ERRONEOUS SOUNDINGS ON THE CHART 

En route to and from the project area, or when navigating in the vicinity thereof, 
every opportunity should be utilized to verify the charted soundings, especially in 
areas in which the charted data are known to have been based on reconnaissance or 

inadequate surveys. Where an erroneous sounding is discovered, or where the general 

depths obtained differ materially from those charted, a full report of the facts shall 
be made to the Washington Office. 

174. Atps To NAVIGATION 

Survey vessels should verify all aids to navigation along their routes or in the areas 
adjacent to their project, when practicable. The verification should consist of (a) a- 
check of the charted position, (6) whether a lghted aid is burning, and (c) a comparison 

of the actual characteristics with those charted and listed in the Light List. 

En route it will sometimes be practicable to verify only the lightships and offshore 

buoys, but in the immediate vicinity of the project area the positions of all aids to 

navigation, which have not been previously located by this Bureau, should be verified, 

if practicable. 

When a lighted aid is found extinguished, immediate report should be made to the 
Commander of the nearest United States Coast Guard District. When a floating aid 

is discovered out of position, a report should be made both to the Coast Guard Com- 

mander and to the Washington Office. Where a fixed aid is found incorrectly charted 
either as to position or characteristics, a report should be made to the Washington 

Office, giving the correct position and the method by which it was determined. (See 
also 383 and 8531.) 

175. Coast Pitot Data 

Advantage should be taken of all calls at ports and passages between ports to verify 

the information contained in the latest edition of the Coast Pilot for the area. If the 

information is correct but should be supplemented, the necessary data should be 

obtained (see 912 and 916) and reported to the Washington Office at the earliest 
opportunity. 

176. FIELD EXAMINATIONS 

When surveys of a minor nature are made outside of the project area, for which no 

specific instructions are written, they are considered field examinations. These are 
intended for revision only and are not registered in the archives as original survey 

sheets, but should be as adequately controlled as surveys called for by specific instruc- 
tions. A field examination may consist of such items as (a) a resurvey by planetable of 

a point extended by accretion, (6) a planetable survey to locate a new pier or determine 

465382—446 
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the position of a new aid to navigation, (c) the determination of the least depth on a 
shoal of small area or the investigation of an area in which one has been reported. 

The results may be transmitted to the Office on a section of a planimetric map, if 
there is one of the area, or on a section of the largest-scale chart of the area. 

1761. Advance Information 

It is sometimes required that survey data in a small but important part of the proj- 
ect area be submitted to the Washington Office in advance of the completion of the 
entire survey. The required data may be traced on a piece of tracing paper containing 

meridians and parallels at the scale of the survey. These may be used for a preliminary 

correction of the chart but will be destroyed at a later date after the complete survey 
has been received and verified in the Washington Office. 
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CHAPTER 2. CONTROL AND SIGNAL BUILDING 

21. CONTROL 

Control is the framework of a survey by which land and marine features are held 
in their true relationship to each other, and so determined by latitude and longitude 
that any area surveyed can be reproduced in its correct geographic position on any 
map or chart, regardless of scale or size. 

At the start of any survey, available data of a higher order are the control for that 
survey. For example, first-order triangulation is control for second-order triangula- 
tion; second-order triangulation is control for third-order triangulation; and third- 
order triangulation is control for topographic, air photographic, and graphic control 
surveys. The control stations used in the hydrographic survey are ordinarily located 
as part of one of the last three surveys mentioned, but of course any or all of the con- 
trol may be so used. 

The control for a survey is a number of accurately located points marked on the 
earth’s surface, strategically situated and spaced with respect to the survey. These 
points must be fixed geographically in order that they may be plotted on a projection 
oregrid. The principal control points are most accurately determined by triangulation. 

There are areas, however, where triangulation is difficult and it is more practicable to 

locate control points by traverse; for example, along a stretch of sand beach, bordered 

by an adjacent precipitous mountain area. 
Previously established control is a very important asset in a coastal survey. 

Sometimes a sufficient number of former stations will be recovered to control a revision 
survey and no new control will be necessary. Most surveys, however, require new 
triangulation of second- or third-order accuracy, supplemented by topographic and 

hydrographic stations. 
If triangulation control does not exist, a base must be measured for length control 

and astronomic observations must be made to determine the latitude and longitude 
of a station and an azimuth. The astronomic observations should be made preferably 
at one of the base stations or at one of the stations of the base net. 

Topographic control based on existing or new triangulation is necessary, of course, 
after the positions of the triangulation control stations are known and available. 

211. DEFINITIONS OF ConTROL TERMS 

Control terms as they apply to hydrographic surveys are defined in order that 
their precise application may be more thoroughly understood and to prevent ambiguity 

in their use. 
In general, the correct terminology is dependent on the method of location and 

type of instrumental equipment used, modified in certain cases by the accuracy attained 
and whether or not an adequate check on the location has been provided. 

A triangulation station must be of third-order accuracy or higher, and any sta- 
tions, located by geodetic methods, which do not comply with the requirements nor 
attain third-order accuracy, are classified as topographic stations. Among the latter 
are: (a) Intersection stations located by single triangles, one angle of which is con- 
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cluded; (6) intersection stations located by an insufficient number of directions to 
provide an adequate check of their positions; (c) stations located by theodolite by the 
three-point problem, without a check; (d) temporary stations, located by geodetic 
methods, but which are unmarked and nonrecoverable; and (e) stations located by any 
method or scheme, which depends in part on floating or movable stations. The last 

classification applies particularly to stations located by the ship- and buoy-intersection 
methods, described in 2282 and 2283, or similar methods. 

Distinction is made between topographic and hydrographic stations according to 

the methods of location. 

2111. Stations and Signals 

A station is a definite point on the surface of the earth whose geographic position 

has been determined for control purposes. 
The term signal denotes the object, existent or especially erected, which indicates 

the location of the station, and is used as a target’ toward which survey instruments 

may be pointed. 
Stations may be marked points (permanent or temporary) or they may be con- 

spicuous artificial or natural objects. If the latter, the station is the center of the 

object which is the signal. 

2112. Triangulation Station 

A triangulation station is a recoverable point on the surface of the earth, whose 

geographic position has been determined by angular methods with geodetic instru- 

ments. It must be located with first-, second-, or third-order accuracy (see pp. | to 5, 

Special Publication No. 145). 
A triangulation station is a selected point, which has been marked—lately always 

with a standard station mark—-or it is a conspicuous natural or artificial object. 

Descriptions are written of all triangulation stations. 

2113. Traverse Station 

A traverse station differs from a triangulation station only in that its position is 
determined from another known point by linear measurements controlled in azimuth 

by angular measurements, instead of by angular methods solely. 

2114, Topographic Station 

A topographic station is a definite point on the surface of the earth, whose geo- 

graphic position has been determined by graphic methods, usually by planetable 

traverse or graphic triangulation. 
Classed also as topographic stations are those points located by geodetic methods 

but with less than third-order accuracy, as mentioned in 211. 
Points located by the radial-line plot of an air photographic survey, specifically 

for use in a hydrographic survey, are also classed as topographic stations, as well as 

all stations that are symbolized by a red circle in accordance with 2393. . 
A topographic station may be recoverable, if it is marked by a standard station 

mark or is a conspicuous natural or artificial object; or it may be temporary, usually 

for use in the subsequent hydrographic survey. 
Descriptions are written of recoverable topographic stations. 



Pace 61 CONTROL AND SIGNAL BUILDING 2105 

2115. Hydrographic Station 

A hydrographic station is one whose geographic position has been determined by 

methods ordinarily used only in hydrographic surveys and with an accuracy usually 
less than that of a topographic station. 

The positions are generally determined by sextant observations—three-point 

fixes, intersection of cuts, or astronomic observations. 
Also classed as hydrographic stations are those located by taut-wire traverse, 

log-distance runs, R.A.R. distances, and other less accurate methods. 

Hydrographic stations are ordinarily not permanently marked; but if they are 
marked, a standard topographic station mark is used and a description is written 
(see 245). 

2116. Hydrographic Signal 

A hydrographic signal is any signal used as a target in measuring sextant angles 

for the control of a hydrographic survey, irrespective of the method by which the station 
was located. 

212. FREQUENCY AND SPACING OF CONTROL 

The spacing of control depends on the nature and character of the coastline. 
The number and distribution of stations shall be such that all topographic and hydro- 
graphic features and soundings within the area of the survey can be located with 
sufficient accuracy for charting at the largest scale likely to be necessary. 

Triangulation or traverse stations must be frequent enough along the coast to 
control the planetable or air photographic surveys. The required frequency depends 

on the scales of the surveys and the configuration of the coastal area, or the area covered 
by air photographs. 

Bases must be measured at intervals along the are or scheme of triangulation in 
order that the strength of the triangulation may be in accordance with the specifications 
for the class of triangulation being established, as specified in the requirements for 
horizontal control given in table 3 in 223. 

Where practicable, main-scheme (second-order) triangulation stations shall be 
spaced about 5 miles apart along the coast, with supplemental stations of third- 
order accuracy about 2 miles apart for topographic control (see 2231). 

In addition to the triangulation control, a considerable number of intermediate 
stations are necessary for hydrographic control. Experience is the best guide in the 

establishment of adequate control for this purpose. Stations should be located at 

prominent points and at the heads of small bights, and in general so spaced that strong 

fixes will be available throughout the area of the survey. But an excess of stations 
should be avoided, for it leads to confusion and increases the difficulty of identification 
when taking sextant angles. 

For launch hydrography, stations spaced about 400 meters apart along the shore 
will usually suffice. Stations should be located well inshore from the beach, if practic- 
able, so that strong sextant fixes may be obtained when the launch is near the shoreline. 

For offshore visual ship hydrography, control stations may be several miles apart 
if structures are built over them, or if they consist of peaks, mountain tops, or prominent 
natural objects. 

Hydrographic surveys of moderate depths, out of sight of land, are usually con- 
trolled by sextant fixes on buoys, spaced from 2 to 5 miles apart, depending on the 
visibility, the scale of the survey, and the importance of the area being surveyed. 
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For offshore surveys controlled by R.A.R., the required spacing of the stations 
depends on (a) the size and scale of the survey, (b) the efficiency of reception of sub- 
aqueous sound, and (c) whether shore stations or sono-radio buoys are used. Sono- 

radio buoys are usually spaced 10 to 20 miles apart, while shore stations are spaced 15 
to 30 miles. 

213. AccuRACY OF CONTROL 

The accuracy of the control -stations of a hydrographic survey depends almost 
directly on the method used in locating the control. The accuracy requirements for 
control located by triangulation or traverse are given in 223, and the requirements for 
control located by planetable or air photographic surveys are given in 232. 

When nonstandard methods of locating control are used in places where standard 
methods are impracticable, they are expected to result in a lesser accuracy than the 
standard methods for which they are substituted, but special care taken in making the 

observations and special attention to details should in each case result in an accuracy 
no less than that of the next lower order of control. 

Definite objects along the shore located by the topographer for the hydrographic 
party should be located with the accuracy required in 232. <A lesser accuracy may be 
tolerated in the positions of indefinite objects such as hills and mountain peaks, because 
they will be used by the hydrographer only when he is at a considerable distance from 
them. 

Survey buoys, which are used for control beyond the range of shore stations, should 
be located by the most practicable and accurate method for which the vessel is equipped. 
Taut-wire sun-azimuth traverses are considered to give an accuracy of approximately 
1 meter per mile. 

Whether offshore hydrography is controlled by visual three-point fixes on shore 
stations, mountain peaks, or a system of survey buoys connected to shore control, 

the accuracy of location of any sounding is almost inversely proportional to its distance 
from the shore. 

214. RECOVERABLE STATIONS 

Stations artificially marked by recognized surveying organizations and well-defined 
natural or artificial objects, whose geographic positions have been accurately determined 
by triangulation, traverse, topography, sextant angles,.or other accurate means, and 

which have been described, are termed recoverable stations. 
Control stations located approximately a century ago were marked by various 

means such as: redwood stakes on the West Coast; cypress poles, center marked by a 
copper tack, in marshy areas of the Southern States; earthenware crocks and flowerpots 
buried in the ground in the Middle Atlantic States; and buried bottles in arid areas. 
In rocky areas they were marked by chiseled crosses, plain drill holes, and drill holes 
into which molten lead was poured or brass bolts or plugs were set. Numerous ingenious 
types of marks were used which were considered the best practicable with the materials 

and equipment available. Many of these stations have been recovered in the past and 
some of them quite recently. When recovered now they are always re-marked accord- 

ing to present standard specifications (see 2261). 

As the value of more permanent marks became apparent, the trend changed toward 
marks of a more durable character. Metal marks began to be used in areas where there 
were no rocks. Among those used were cones, capped rods, and trough-shaped marks 
for sand beaches and similar areas. Since most of these marks were made of cast iron, 

it became obvious that, because of rust and corrosion, the problem of permanent marks 
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was far from solved. Cement was then used to cast concrete blocks and posts for 
survey marks, with crosses or bolts in the top defining the center. This type of mark 
solved the problem of corrosion, but only a very limited amount of lettering could be 
cut or molded into the top of the mark to provide future identification, and to inform 

the public of the purpose of the mark and the importance of not moving or destroying it. 
Small metal disks were designed about the beginning of the twentieth century 

for use as station marks. These can be set in concrete blocks or cemented in drill 
holes in outcropping rock, boulders, etc. The legends on the marks have been changed 

from time to time. At present, the disks of the Coast and Geodetic Survey have 
identifying symbols denoting the type of station,and have legends giving the Bureau’s 
name as the establishing agency, explaining how to obtain information relative to the 
stations and the penalty imposed by law for malicious destruction. The name of the 

station and year it was established are stamped in the space provided near the center 
of the disk. The standard disks of the Coast and Geodetic Survey.are of cast bronze, 
3% inches in diameter, with a shank 2% inches long split at the end for spreading to 
anchor it more securely when placed in a concrete block or drill hole. Other survey- 

ing organizations use similar metal disks of bronze, brass, or aluminum. 
Many natural and artificial objects whose positions are determined require no 

marking to make them recoverable. Some of these, such as sharp mountain peaks, 
pinnacle rocks, and conspicuous boulders will very probably last for eternity. Others 

are lone trees, beacons, water tanks, smokestacks, church spires, radio towers, light- 

houses, etc., and will last only a few generations or less. Isolated objects are especially 
prominent and easy to recover. 

2141. Frequency of Recoverable Stations 

In changeable areas, where resurveys are expectable because of natural or arti- 

ficial changes, recoverable stations shall be established at 1-mile intervals along the 
coast, conveniently located to serve as control for future topographic or hydrographic 
surveys. 

In isolated areas, along difficult coastlines, and where natural or artificial changes 
are not expected, recoverable stations shall be established at not less than 2-mile 
intervals. 

2142. Descriptions of Recoverable Stations 

All triangulation stations shall be described on Form 525, Description of Triangula- 

tion Station, in accordance with 227. All recoverable topographic and hydrographic 
stations shall be described on Form 524, Description of Recoverable Hydrographic or 
Topographic Station, in accordance with 2351. The detailed descriptions of well- 
defined natural or artificial objects may be brief but must be thorough and made with 
care, to avoid confusion or doubt about their recovery at some future date. 

The descriptions of structures, such as lhghthouses, flagpoles, and water tanks 

are particularly important. These are subject to removal and replacement in adja- 
cent locations, where the new structure may be mistaken for the former one unless the 
circumstances are known. Errors may thus be introduced in the survey which may 
be difficult to detect and, when detected, the source of the error may be very difficult 
to determine. Descriptions of lighthouses shall include the dates of their establish- 
ment, their heights, and brief descriptions of their appearance. Descriptions of water 
tanks must be made with even more care, and must include the names of the companies 
or organizations owning them; their locations, with measured distances to adjacent 
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streets, roads, or other features; and their heights and structural appearances. <A 
description such as ‘‘Water Tank, Port Angeles, Washington,” is inadequate and not 
acceptable. Ten or twenty years later a new survey may be made in the vicinity and 
there may be two water tanks in the locality where only one was expected. There 
will be doubt as to which was the one located. Still worse is the possibility that there 
may be only one water tank in the town, as expected, but the described water tank 

has been torn down since the prior survey and a new one erected in an adjacent location. 
If this is not known and the water tank is used as a control station in a hydrographic 
survey, before its position is checked, serious errors may result. 

All objects of a recoverable nature, particularly lighthouses, church spires, cupolas, 
towers, stacks, flagpoles, etc., whose positions are worth determining are considered to 
be of sufficient importance to require descriptions, especially if they serve as land- 
marks or will be of value as control stations for future hydrographic surveys. To 
obtain adequate data for a description, it is essential to visit the site of the object to 
be described. Likewise, when objects of this type, whose positions have been deter- 
mined by prior surveys, are used for the control of revision or new surveys, each site 
should first be visited for positive identification, and to establish beyond doubt that it 

has not been moved in location since the date of the original description. The neces- 
sary information may sometimes be obtained by correspondence or by personal inquiries 

from reliable sources, but certain identification is assured only by an actual visit to 
the site. 

Unmarked whitewashes, banners, clumps of bushes, and signals located for tempo- 
rary use in hydrographic surveys are, of course, not recoverable stations and need not 
be described. 

215. Controt Station NAMES 

For purposes of identification and convenient reference, names are assigned to 
the control stations used in a hydrographic survey. In the assignment and use of such 

names, the following general principles should be observed, irrespective of the type of 

station being considered (see 2151): 

(a) All references to a station shall be by the name assigned to it. 

(b) The same name shall be retained for a station during its existence or as long as it is used. 

(c) Different names shall never be assigned to the same station, even in different surveys. 

(d) Descriptive, geographic, or personal names which contain a natural reference to the station 

are preferable to arbitrary ones (see 2151). For example, where a station is on or near a named geo- 

graphic feature, or is an artificial object such as a spire or tank. 

(e) Recovered stations used in a survey shall always retainthe original names assigned to them, 

except in the case of triangulation stations with unnecessarily long names, when a short name may 

be substituted for hydrographic use. The new name may consist of syllables of the original name 

(e. g., NIKOL for NIKOLSKIT, 1938). (See 2154 and 744.) 
(f) A duplication of names must be avoided in the same locality and especially within the limits 

of the same hydrographic sheet. 

2151. Types of Station Names 

The length of an arbitrary name assigned to a control station shall reflect in a 
general way the relative importance of the station named. Certain definite advan- 

tages accrue from such a system of naming. To accomplish the purpose, names for 
the various types of control stations shall be selected in accordance with the following 

rules: 

(1) NAMES OF FIVE OR MORE LETTERS—triangulation and traverse stations. 

(2) NAMES OF FOUR LETTERS—Imarked topographic stations; sono-radio buoys; R.A.R. shore 
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stations; and temporary topographic and hydrographic stations used in ship hydrography. 

(3) NAMES OF THREE LETTERS—temporary topographic and hydrographic stations used in 

small-boat hydrography; and ordinary survey buoys. 

Where the inshore hydrography precedes the ship hydrography, the requirements 
of rules (2) and (3) shall be complied with as far as practicable. The small-boat 

party shall anticipate, if possible, the stations likely to be used by the ship, and assign 
four-letter names to them. 

2152. Selection of Station Names 

To avoid confusion in the records, names should be selected that can be spelled 
and pronounced in only one way. The use of combinations of letters that are pro- 

nounced the same as other more common words but are spelled differently, should 
be avoided. For example, TAK and TUN should not be used because they are pro- 

nounced the same as TACK and TON, respectively. 
The hydrographer should keep current an alphabetical list of names as they are 

adopted for use on his sheet. All three-letter names must be selected from the list in 

table 42 in 965. Copies of this list can be obtained from the Washington Office and 
can be used as a check list of assigned names. A study of this list will also be helpful 
in the correct selection of four- and five-letter combinations. 

2153. Assignment of Names on the Hydrographic Sheet 

So far as practicable and insofar as it does not conflict with other provisions herein, 

the control stations on a hydrographic survey sheet shall be assigned names that 
proceed alphabetically along the shoreline from left to right as viewed by the hydro- 
grapher during his survey. The names shall be so selected that the one at the approxi- 
mate midpoint of the survey begins with a middle letter of the alphabet. 

Where ordinary survey buoys are used for control, the names shall be arranged 
alphabetically for each line of buoys to satisfy the above requirements as nearly as 
practicable. 

Such an arrangement of names has many advantages, both during the survey 
operations and during any future use of the survey sheet where quick identification of a 
particular station is necessary. 

This method of assigning names does not supersede the general principles of 
naming stations outlined in 215(c), (d), and (e). 

2154. List of Stations in Sounding Records 

An alphabetical list of the stations used on a hydrographic survey sheet, together 
with their origins, shall be prepared and pasted in volume 1 of the Sounding Records 
following the title page. The list should be in the following form: 

List of stations on H-6374 

Name used in 

hydrographic survey Origin of station 

INGEKEO Se ee Gila ee aie Lat NIKOLSKI, 1938 

PPAR; ee G 4 bogs 3 3b hs oo <8 Spee Eby Boe ae T-5869 ° 

Vie ss oe Ey cn oe Le H-6373 

OWS SD i ad et Sisk Bp es STs Ste OS bp a th Volume 1 

When a triangulation or traverse station has been used, the complete name with 
the year of establishment is necessary. Topographic stations, and hydrographic 

stations originating with some other hydrographic sheet, shall be referenced by the 
sheet number (registry, if known, otherwise the field number). A hydrographic 
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station which originates with the instant hydrographic survey shall be referenced by 
“Volume 1,’ which will contain an index of the cuts used to locate that station (see 819d). 

2155. Assignment of New Station Names 

All marked control stations as well as triangulation stations that are natural 

objects or artificial structures, must be named at the time of their establishment or 
location. Other stations established for hydrographic control shall be named by the 

hydrographer, insofar as practicable. 

2156. Names of New Triangulation Stations 

New and distinctive names shall be assigned to all new triangulation and traverse 
stations, except as provided in the fourth paragraph: of this item. Where possible, 
names with individuality shall be selected. If practicable, a station shall be named 
after some natural geographic feature near which the station is located, such as a bay, 
river, mountain peak, or town; or it may be named after the owner of the property on 
which it is located. The use of the property owner’s name gives him a personal interest 
in the station and may aid in the preservation of the station mark. It is essential 

that such names be spelled correctly and every effort must be made to this end. Once 
the name has been stamped on the disk and becomes a part of the records it cannot 

be changed. 
Where arbitrary names are selected they shall follow the rule in 2151(1.) 
Long descriptive phrases applied as names to artificial landmarks, in an attempt 

to make the names serve as descriptions of stations, are particularly objectionable. 
A station which replaces a lost station shall always be given the name of the 

original station followed by the numeral 2, 3, etc., depending on the sequence 
of establishment of the new station. Thus, if station NOLAN is lost and a new station 

is established nearby, the assigned name must, without exception, be NOLAN 2. 

If the latter is lost and a third station is established the name must be NOLAN 3. 

This practice shall also be followed when, for any reason, it becomes necessary to 
establish a new station within an easily taped distance of an existing station. Under 
no circumstances should such a new station be named NOLAN ECCENTRIC (see 

2261). 
All triangulation and traverse station names shall be followed by the year of 

establishment. 
2157. Names of Relocated Buoy and Hydrophone Stations 

A buoy station is the position of the anchor and therefore any station names 
assigned to buoys are the names of the anchor positions. 

When for any reason a survey buoy is moved to a new anchor position and re- 
located, a new name shall be assigned to the new location. This applies to buoys 
and R.A.R. shore hydrophones that have dragged or have been picked up for servicing 
and relocated in a position slightly different from the original location. 

If desired, the last three letters of a shore hydrophone name may be composed 
of the radio call letters of the shore station, prefixed by a single letter which shall 
be changed for each different location of the hydrophone. 

2158. Names of Natural Objects or Structures 

Natural objects, whose locations have been determined for use in hydrographic 
surveys, shall be named according to 2151, except where a geographic or a descriptive 
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name is more desirable (see 2156). When the natural object is identified by a geo- 
graphic name, it is almost invariably preferable to use the geograpbic name or a part of 
it for the station name. Similarly with structures, it is preferable to select a station 
name which will identify the structure by description or proper name. 

216. CoNTROL STATIONS OF OTHER ORGANIZATIONS 

Whenever control stations established by other organizations are known to exist 

in an area to be surveyed, an effort shall be made to connect the new control to a suffi- 

cient number of the stations of the other organization so that the two surveys may be 
coordinated. These connections shall be made unless the progress of the party would 
be materially delayed thereby, or the cost of the project would be materially increased 
because of the necessity of building and establishing intermediate stations or extending 
the scheme any considerable distance in order to make the connections. 

Such connections should be made by triangulation or traverse for geodetic coordina- 

tion. If a geodetic connection is impracticable, a graphic connection should be made 

by topography. The use of marked stations of other organizations as a part of the 
control, instead of establishing new stations in the immediate vicinity, is authorized 
and encouraged, provided they are connected to the federal control network, that their 
locations are satisfactory for control purposes, and that the station marks are in good 

condition and conform to the usual standards as to method of establishment, size. 

strength, and durability. (See 224.) 

217. Datums 

2171. Geodetic Datums 

A geodetic datum consists of five quantities: the latitude and longitude of an 
initial point, the azimuth of a line from this point, and two constants necessary to 

define the terrestrial spheroid. It forms the basis for the computation of horizontal 
control surveys in which the curvature of the earth is considered. 

The Coast and Geodetic Survey has used two principal spheroids of reference 
for its geodetic work. Bessel’s spheroid of 1841 was used from 1844 to 1880 when it 
was replaced by Clarke’s spheroid of 1866. Clarke’s determination is considered 
the more precise, and later observations have shown that for this part of the globe it 
represents the true figure of the earth somewhat better than the spheroid of Bessel. 

During the early years of the Bureau’s operations many detached triangulation 
systems existed in the United States, each based on independent astronomic observa- 

tions within its system. With the completion of the first transcontinental are of 
triangulation in 1899, the various detached systems were connected and a coordinated 
system based on a single geodetic datum was established for the whole country. 

Station MEADES RANCH in central Kansas was selected as the basis for this 
single geodetic datum because it was near the center of area of the United States and 
because it was common to two great arcs of triangulation extending across the country, 

one along the 39th parallel and the other along the 98th meridian. 
The best theoretical position of this station on the adopted spheroid of reference 

was found to be so near the value obtained by continuous triangulation from the New 

England States that the latter was adopted to save the labor of a vast amount of 
recomputation. The adoption of this datum, therefore, did not change the geographic 
positions of the then completed triangulation in New England and along the Atlantic 
Coast to North Carolina, nor in the states of New York, Pennsylvania, New Jersey, 
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and Delaware. In 1901, the adopted datum was officially named the “United States 

standard datum,’ and in 1913, with its adoption by both the Dominion of Canada and 

the Republic of Mexico, its designation was changed to the “North American datum.” 
In 1927 a unified adjustment was begun of all the first-order triangulation in the 

country in order that certain unavoidable discrepancies that had accumulated in the 
various ares of triangulation would be systematically distributed throughout the whole 
network. In this adjustment the latitude and longitude of station MEADES 
RANCH were held fixed, but a new value of the azimuth to station WALDO was 

adopted based on the various Laplace azimuths distributed through the network. 
To distinguish between values on the North American datum and values in the new 
adjustment, the term “North American datum of 1927”? was adopted. The position 
of MEADES RANCH on this datum is: 

Tatibude 2k) Voie ll ak eer TES 39° 13’ 26”. 686 
boneitudes2.— 2242p ao ee ss Eek 98 32 30. 506 

Azimuth’ to, WALD Os be. 222 = 15-2 28>). 00504 
Computed on Clarke’s spheroid of 1866. 

A station is said to be on the North American datum of 1927 when it is rigidly 
adjusted to the scheme of the readjusted triangulation. 

All hydrographic surveys in waters bordering continental United States are now 

made on the North American datum of 1927. However, independent geodetic datums 
exist in the territories and insular possessions of the United States and the surveys 

therein are, with minor exceptions, based on the datums listed below: 

Ta yatta Tess] ANG Se peg Se ee a Pk Soe eT eee ee Old Hawaiian datum 

Philippineniclands 9! 2.5 eee grein Be ee eer a Luzon datum 

Puertorvicoyand-vicinity. 925 eu ae a eee en ee eee Puerto Rico datum 

Canal Zone_____- EAP T) Pa pls APES _ SNL PE LCS yk Rag SEs Ce ee ee Panama—Colén datum 

Alaska: 

_ Southeast Alaska__.__.-.-.------ SoS Seis a ooo eee saan ee a seeeuses-. North American (datumiof 1927 

Wiestiol Glacier Bay itoVitasteiHligse sees ee oe ee eee __..___._... Southeast Alaska datum 

Thel4lstimeri dian’ +42 8 Pleas Se Re a a ee eee eee 4 Yukon datum 

Cape St. Elias to Wide Bay on the Alaska Peninsula (including Kodiak I.)_ ---__-. Valdez datum 

Latitude 5714°, Alaska Peninsula to Atka I., Aleutian Islands. _--_-----.----__-.-- _ Unalaska datum 

And various independent astronomic datums. 

To differentiate between an independent datum and the North American datum of 
1927: An independent datum is established primarily for horizontal control over a 

limited area with reference to an assumed starting point, whose position on the spheroid 

of reference by latitude and longitude and whose azimuth to an adjacent station have 
been determined astronomically, but which has not been connected to the standard 

datum of the continental area. 
The hydrographic surveys bordering those limited areas are naturally controlled 

by their respective datums. However, all independent datums on the North American 

Continent will probably be connected to the North American datum of 1927 at some 
future date, thereby making it possible to bring them into the general adjustment. 

2172. Sounding Datums 

For use on the nautical charts of the tidal waters of the United States and its 

insular possessions and territories, planes of reference or sounding datums have been 

chosen in accordance with existing conditions. The sounding datum for depths is 
mean low water (MLW) for the Atlantic Ocean and Gulf of Mexico; and mean lower 
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low water (MLLW) for the Pacific Ocean, except in the vicinity of the Panama Canal 
Zone where it is mean low water springs (MLWS). 

For further information on planes of reference, see 8224. 

2173. Vertical Datums + 

The vertical datum for elevations, contours, and form lines for topographic surveys 
and nautical charts is mean high water (MHW) for the United States and its insular 

possessions and territories (see 2311), except underlined elevations of inland mountain 

peaks on charts, which are referenced to mean sea level. 

22. TRIANGULATION 

Complete instructions and specifications fer triangulation are contained in Special 
Publication No. 120, Manual of First-Order Triangulation, and Special Publication 
No. 145, Manual of Second- and Third-Order Triangulation and Traverse. Except.as’ 

modified in the project instructions, these manuals shall be followed by hydrographic 
parties engaged in triangulation. Only the briefest discussion of the subject can be 
included in this Manual, which is only concerned with some special applications and 
methods of triangulation particularly adapted to hydrographic surveys. 

A triangulation scheme is a continuous chain of connected triangles in figures of 
single triangles, quadrilaterals, and polygons, beginning with a line of known length 
and azimuth, the latitudes and longitudes of the end stations of which have been 

previously determined. 
When the length of one line in a triangle and the interior angles are known, the 

other two lengths can be computed. Similarly, knowing the latitudes and longitudes 
of two stations, the azimuth between them, the lengths of the two lines to a third 

station, and the spherical angles in the triangle (from computation of triangles), the 

latitude and longitude of the third station and the azimuths of the other two lines can 
be computed. 

221. GENERAL STATEMENT 

Triangulation is seldom an end in itself; its real value is more in its usefulness for 
other purposes than in its immediate objective, and this is particularly true of coastal 
triangulation, which serves as control for hydrographic and topographic surveys along 
the coast, and on the adjacent rivers and inside waters. 

To be of most value, such triangulation stations must be established with this in 
mind and be placed where they will be as accessible and useful as possible for the control 
of the subsequent topographic and hydrographic surveys. Wherever practicable they 

should be placed on points, headlands, hillocks, and other places where they command 

strategic views of the shoreline in all directions. In some localities this is easily 
accomplished, especially where there is high land immediately inshore from the coast, 
and highways and navigable waterways paralleling the shore make transportation a 

simple matter. Elsewhere there may be unfavorable conditions along the coast, such 

as the swamps along the coastlines of Louisiana and South Carolina, the rugged coast- 
lines of rocky islands, or the mountainous areas of Alaska. 

Sextant locations should not be substituted for triangulation, except in an emer- 

gency. In general, important stations and landmarks such as lighthouses, tanks, and 
prominent buildings should be located by triangulation or traverse. 
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In planning the establishment or extension of a scheme of coastal triangulation, 
there are certain requirements, common to all projects, which may be enumerated as 

follows: 

(a) Efficiency in reconnaissance. The scheme should be the strongest practicable under existing 

conditions. 
(b) Economy in stations and signal building. The scheme should not contain more stations than 

needed to provide the required control. The stations should require a minimum of signal building. 

: (c) Permanence of stations. 
(d) Accurate and systematic observing. 

(e) Coordination of triangulation with other ship or shore party operations. 

(f) Accessibility, not only for the observing party, but for the topographic party and those other 

organizations and individuals who, at some future time, may wish to make use of the stations and lines 

established. 

(g) Provision for future lateral expansion of the scheme and for possible additional stations inside 

the figures themselves. 

2211. Principal Scheme 

The principal scheme of triangulation shall be carefully planned. New triangula- 
tion, except in areas where a geodetic datum has not been established, must be started 
from a previously established line of first- or second-order triangulation. All necessary 
lines of the principal scheme must be observed, if practicable. Superfluous lines must 
not be observed, however, for not only is valuable observing time thus lost but the 

resulting triangles are useless and complicate the office adjustment. 

In the principal scheme, an occasional unoccupied station may be tolerated, but 
should be avodied if practicable. Too many concluded angles in the principal scheme 
are objectionable. 

The computation of triangles must be kept up with the observations in order to 
verify their accuracy by the length and side checks. The field computations through 

the determination of geographic positions, with accompanying list of geographic posi- 
tions, should be forwarded to the Washington Office with the other records. 

There is no restriction on the number of unoccupied stations and concluded tri- 
angles which may occur in the location of supplemental or third-order stations, provided 
the length and side checks are satisfactory. 

2212. Spherical Excess 

Spherical excess is often a factor in the computation of triangles. The ratio of 
spherical excess to the area of a triangle is 1 second for 75 square statute miles. For 
preliminary use in closing triangles, the spherical excess can be computed from the 
graphically scaled lengths, in statute miles, of the base and altitude of a triangle by 
applying the formula: 

base < altitude 
Spherical excess (in seconds) = 150 

For the computation of triangles, spherical excess is computed by logarithms and for 
second- and third-order triangulation need be carried only te tenths of seconds. (See 
specimen of computations, page 94, Special Publication No. 145.) 

2213. Observing Weather 

Consistently good results can be obtained only by the use of the best grade of 

instruments in the best observing weather. It is wasted effort to attempt observa- 
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tions in storms, heavy rain, or strong winds, and survey parties should not be detailed 
ashore for triangulation observations in threatening or inclement weather. Poor runs, 
closures, and checks usually result from such observations, and it is quite probable 
that a station occupied under such conditions would have to be reoccupied. Accuracy 
is the first requisite of a traingulation survey and, as it is obtained, speed and progress 
naturally follow. 

It should be realized, however, that the ereat accuracy of triangulation is required 
primarily to avoid sogmmniloione of errors in the extension of the triangulation, and 
not to control the topographic and hydrographic surveys in a limited area. Where 
these await the advancement of the triangulation, no opportunity should be lost in 
expediting the observing. In such cases it may even be advisable for a time at least 
to take preliminary observations of a lower accuracy in order to provide control quickly. 

In regions where good visibility is infrequent and its duration short and uncertain, 

owing to changeable conditions, low passing clouds, shifting fog patches, etc., economy 
in observing is obtained with the use of direction theodolites. 

2214. Instruments 

Among the instruments used by the Coast and Geodetic Survey in establishing 

triangulation control for hydrographic surveys are the 9- and 6%-inch direction theod- 
olites and the 7-inch repeating theodolites. The direction theodolites most frequently 

used were designed by D. L. Parkhurst, Chief of the Instrument Division of the Bureau, 
and are called Parkhurst theodolites. They are manufactured to order by reputable 
survey instrument companies. A manufactured tripod is not used with the 9-inch 
theodolite; the instrument is ordinarily used for observations from steel towers, but 
for observations from the ground it is mounted on a specially built wooden stand. 

The distinctive features of this theodolite are its nonbinding centers, ball-bearing 
clamp rings, illumination through the central axis, electrically illuminated glass 

micrometer drums, discontinuous conical bearings for horizontal circle, and the use of 

nylon threads for the cross hairs of the telescope and for the. micrometer wires. The 
9-inch direction theodolties reading to single seconds on the horizontal circle are used 

‘ principally for first-order observations when highly accurate results are required. 
The 6%-inch direction theodolites reading to 2 seconds on the horizontal circle are 

used principally for second-order triangulation and as much third-order work as prac- 

ticable. Tripods constructed by the manufacturer are provided for the 6%-inch direc- 
tion theodolite. 

The repeating theodolites, reading to 10 seconds on the horizontal circle, are 

generally used for third-order triangulation when direction theodolites are not avail- 
able or cannot be used because of the unstable condition of the ground or support of 
the instrument, or the limited space available for the observer, in which instances it is 
advantageous to be able to observe with a minimum of walking around the tripod. 

2215. Instrument Stability 

Instability of the instrument is a frequent source of error in the observations, 

the importance of which is often not realized by an inexperienced observer. The 
clamps and foot screws of the instrument should be kept tight at all times. If a wooden 

stand 4 feet high is built to support the instrument, the observer should stand on foot 
boards supported by stakes driven in the ground well away from the legs of the stand. 
If an instrument tripod is used, it should be supported on 2- by 4- or 3- by 3-inch stakes 
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firmly driven into the ground. Where tundra or heavy moss is encountered, the roots 
should be cut around each tripod leg so the pressure from walking around or standing 
near the tripod legs will not disturb the azimuth of the instrument during observations. 

The instrument and, if practicable, the stand or tripod, should always be shaded 
from strong sunlight. 

2216. Sum Angles 

Sum angles must not be observed with a repeating theodolite. When additional 
lines must be observed from a station previously occupied, the new observations must 
include one and only one of the previously observed lines, except when check angles 
are observed to prove the recovery of old stations (see 225). 

For the observing program illustrated in a in figure 5, it is assumed that the observer at A observes the angles DAE, EAF, FAB 

and, being unable to see station C, closes the horizon by observing the angle BAD, as shown by solid lines and arrows. At a later 

date the observer returns to A when C is visible and correctly supplements his former observations by observing the angles BAC 

and CAB as shown in 6 in figure 5. 
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FIGURE 5.—A dditional lines observed with repeating theodolite. (The correct procedure is illustrated in a and 6; the incorrect ina andc. 

The wrong method of observation is illustrated in c in figure 5. The angles BAC, CAD, and DAB must not be observed since 

they include two previously observed lines ABand AD. This results in a swm angle, since the sum of the angles BAC and CAD 

is equivalent to the previously measured angle BAD and will require a least square adjustment to distribute the difference in values 

properly. If the observations are made as stated in the previous paragraph, the angle CA D may be obtained by subtracting the angle 

BAC from the previously obtained value of the angle BAD. 

When a direction theodolite is used in second- or third-order triangulation, the 
horizon is not to be closed by repointing on the initial. This results in a second value 
for the initial which must then be meaned with the first mean and is entirely unneces- 

sary. Such observations are made only occasionally to test the plate for drag. (See 
figures 6 and 7 for methods of recording observations by direction and repeating 

theodolites.) 

222. RECONNAISSANCE 

The project instructions will specify the order and types of control to be estab- 
lished, the connections to existing stations, and the astronomic stations to be occupied 
or the bases to be measured. Special Publication No. 225, Manual of Reconnaissance 
for Triangulation, describes methods of ground reconnaissance for triangulation, com- 

putations for intervisibility of stations, strength of figures, etc. 
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FIGURE 6.—Record of horizontal angles (direction theodolite). 

.RTMENT OF COMMERCE De. 
U. & COAST AND GEODETIC SURVEY 

Form 250 

HORIZONTAL 

REMARKS 

CLEAR ~ CALM 

"79.6" 40.6 = 20.2 

PM. ilse=s0 
| 3 |s7-3/ 

ae 02 
Le | 00-00 

w 

g £ 
e > 
& z 
< = 
— = 
= : 

& 3 

A 3 

g a 

$0| 50° |57-/7-300"_ 
Gra oO = Sen SHREESES N ie) nN ie) S 

408}40.0'+0.7" = 40.7 

57.5°72.5" MHR. 

FIGURE 7.—Record of horizontal angles (repeating theodolite). 



2221 HYDROGRAPHIC MANUAL Paas 74 

2221. Use of Air Photographs in Reconnaissance 

Reconnaissance for the selection of sites for control stations may be greatly facili- 
tated by the use of suitable air photographs. Unless the air photographs are of the 
nine-lens type on a scale of 1:20,000 or smaller, or a carefully made mosaic is available, 
it will be advisable to make a preliminary compilation of the photographs and reduce 
the compilation to a small enough scale so that the control scheme may be plotted on 
a single sheet. 

Generally a simple inspection of this plot, supplemented by examination of the 
photographs under a stereoscope, will be sufficient to select the sites for the triangula- 
tion stations along the shore. If the adjoining terrain has much relief or obviously 
advantageous means of access, it may also be practicable to select the sites for most of 
the inshore stations by simple inspection. 

Approximate heights of tentative station sites may be determined from the photo- 
graphs if a point of known elevation and the proposed station sites appear in the zone 
of overlap of two of the photographs. Heights may be bridged from one overlap to 
another, but large errors are likely to accumulate from the use of instruments and 

methods ordinarily available to the hydrographer in the field. Generally this will be 
unnecessary, since most of the air photographs taken in connection with hydrographic 
surveys will show portions of the coastline, thus affording ready reference to sea level. 

To determine an approximate difference in elevation, the two overlapping photographs should 

be oriented very carefully under a stereoscope. Then the distance between the two photographic 

images of the point of known elevation and the distance between the two photographic images of the 

point whose elevation is desired should be measured to the nearest tenth of a millimeter. The 

difference between these two distances is called the difference in stereoscopic parallax dp. The 

distance between the centers of the two photographs on the preliminary plot, or base B, should also 

be scaled in meters. The symbol used for the known elevation is h. The altitude of the airplane H 

is obtained from the ratio—focal length of camera f divided by scale of plot S. The focal length of 

the camera and scale of the preliminary plot will be furnished with the photographs and other advance 

data. Thus for the nine-lens camera and a 1: 20,000 scale plot: 

__ 209.75 mm (f) 

H=7790,000 _ (S) =4,185 meters 

The difference in elevation dh is given by the equation: 

dh—@P_Gin_mm) x (H—h)? (in meters) 
~ f (in mm) X B (in meters) 

Thus for dp equal to 2.0 mm, H equal to 4,185 meters, reference point at sea level, B equal to 

2,000 meters, and f equal to 209.75 mm: 

2.0 X (4,185 —0)? 

209.75 x 2,000 =83.5 meters dh (meters) = 

If straight lines are drawn, preferably with white ink, between possible sites for 
triangulation stations on each photograph, the lines will fuse to form lines in space when 
the photographs are viewed under the stereoscope. It will then be immediately 
apparent whether the lines are clear, blocked, or grazing. Reconnaissance on the 
ground may then be reduced to visiting the sites from which the doubtful lines radiate. 

Study of the photographs under the stereoscope will also furnish valuable informa- 
tion relative to the types of signals needed, the best landing places, and routes to the 

stations. 
223. REQUIREMENTS 

In table 3 are given the requirements for triangulation and traverse control, which 
shall be strictly complied with, except as amended by the project instructions. 
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CONTROL AND SIGNAL BUILDING 

TaBLE 3.—Requirements for triangulation and traverse 
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First order Second order 
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Third order 
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Two Positions of Circle 

CIRCLE SETTINGS 

Initial settings for 10-second repeating theodolite 
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Initial settings for 2-micrometer theodolite 

Four Positions of Circle 

1 division of 1 division of 1 division of 1 division of 1 division of 1 division of 
Position No. circle=4 circle=5 circle=10 Position No. circle=4 circle=5 circle= 10 

minutes minutes minutes minutes minutes minutes 

° ¢ , ” fe} , Ad ° , au ° , wr ° / ur ° , “7; 
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Six Positions of Circle Eight Positions of Circle 
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* Although only 8 positions are here specified, the practice of the Coast and Geodetic Survey is to use 16 positions. Very little addi- 
tional time is required. The average triangle closure is decreased in this way from 3 seconds to about 1!4 seconds. 

1 This is the requirement for a Laplace azimuth. 
served are Laplace azimuths. 

In the recent practice of the Coast and Geodetic Survey the only azimuths ob- 
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2231. Frequency of Triangulation Stations 

The frequency of second-order triangulation stations needed for the control of 
third-order triangulation and other control surveys of a lower accuracy cannot be 
governed by any fixed rule. Visibility, the character of the coastal area, and the 
practicable distance inshore from the coast at which the inshore side of the scheme can 

be established to give strong figures, are the main controlling factors. However, a 
scheme consisting of stations established so that the lengths of the side lines average 
about 5 or 6 miles will usually suffice. 

For the control of planetable topography, second- or third-order triangulation 
stations shall be established along the coastline at intervals not to exceed 2 miles, except 
in areas of extremely unfavorable terrain where this would be exceedingly difficult and 
costly. In such cases the spacing may be increased, but shall never exceed 5 miles. 

The control required for air photographic surveys will vary with the type of camera 
used, the scale of the photography, and the character of the terrain. 

To control surveys made from air photographs taken with the nine-lens camera, 
recoverable triangulation stations shall be spaced as follows: 

(a) For coastal surveys of comparatively flat areas at a scale of 1:10,000, stations shall be spaced 

not more than 4 miles apart along the shore, supplemented by inshore stations spaced not more than 

6 miles apart. 
(b) At intervals of about 8 miles an additional station, or stations, shall be established so as to 

furnish at least three stations within an area about 4 miles in diameter in order that each fifth photo- 

graph in the line of flight may be fixed by at least three control points within its limits. 

(c) Approximately two-thirds as many stations must be established along the inland portion of the 

photographie strip as are provided along the shore. 
(d) In harbors and in areas of special importance, at least 50 percent more control shall be provided 

than is required elsewhere. 
(e) For a photographic survey on a scale of 1: 20,000, the spacing may be increased to approxi- 

mately twice that which is required for a 1:10,000 scale. 

Where the triangulation scheme spans a waterway with one side of the scheme on 
each shore, the same general spacing of stations, as outlined in (a), (6), and (¢), is 

required, with additional or supplemental stations provided at mtervals of 6 to 8 miles 

along the inland edge of the photographs for a survey on a scale of 1:10,000. The 
supplemental stations may be intersection or three-point fix stations. 

The nine-lens photographs are 35.4 by 35.4 inches in size, and if the approximate 
centerline of a flight is known, the limits of the area photographed can be determined on 

a map or projection of suitable scale. Having determined these limits, the triangulation 

stations can be more effectively located to control the photographs. The spacing between 

centers of successive photographs along the line of flight will be 7, 12, or 14 inches, 
depending on the ruggedness of the terrain. The spacing between parallel flight lines 
will be 12 or 14 inches. If there are two or more parallel flights, the fixed photographs 

required in (6) should preferably be staggered along adjacent flights. 
That an area is to be photographed for mapping does not exempt the observer of a 

triangulation unit from obtaining the usual cuts to conspicuous natural and artificial 

objects. These interesection stations will serve as valuable checks to the photographic 

plot and may considerably expedite the office compilations. In areas where accurately 

contoured topographic maps are not available, vertical angles should be measured to 
determine the elevations of the principal scheme and intersection stations, whenever 

this is feasible without materially delaying the progress of the triangulation party. 
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224. CONNECTION WitH TRIANGULATION OF OTHER ORGANIZATIONS 

Independent schemes of triangulation, which have been established in the project 

area by other organizations, shall be connected to the triangulation of this Bureau 
by strong figures in such a way that their positions may be computed and adjusted on 
the North American datum of 1927, provided this is feasible. This provides additional 

control for the contemporary surveys and for any future surveys in this particular area 
by any agency. Such connections are especially desirable to the control stations of the 
United States Corps of Engineers, which are located in harbors and along inland navi- 
gable waterways, and the positions of their stations are valuable to the Bureau both for 
the control of surveys and for cartographic purposes. 

Where a connection is to be made to triangulation of other agencies, a line connection 

is preferable to a point connection, because a comparison of the length and azimuth will 

give valuable data to be used in adjusting the scheme (see last paragraph on page 15, 
Special Publication No. 120, Manual of First-Order Triangulation). If neither method 

is feasible, a connection by topographic methods should be made (see 236). 

Representatives of other survey agencies should be contacted personally or by 

correspondence to ascertain what control exists within the project area, and to obtain 

positions and descriptions of stations and copies of the schemes. The latter will show 
the disposition of the stations and the area covered by the survey. To tie in the scheme 
properly, a connection should be made at three places strategically selected so that 
an adjustment of the triangulation of the other agency can be made to fit the triangula- . 
tion of this Bureau. 

If practicable, the positions of stations established by other organizations should be 
determined in lieu of establishing new stations nearby, provided the station marks are 

in good condition and the station sites are in suitable locations. In such instances, two 
standard Coast and Geodetic Survey reference marks shall be established at each station. 

The disks shall be stamped with the name given to the station by the establishing 
organization, followed by the initials of that agency and the year the reference marks 
are set, and numbered 1 and 2, provided no other Coast and Geodetic Survey reference 
marks have been previously established at the station. 

Under no circumstances shall survey station marks of other:organizations be 
altered or amended by stamping. Neither shall they be moved, replaced, or reset unless 
the project instructions so specify. - However, they should be reinforced with concrete 
or by other methods that will tend to prolong their existence, especially if the mark is a 

little loose or in danger of being dislodged from its original position. Special precautions 

must be taken not to disturb or move the station mark in any way. 

225. RECOVERY OF STATIONS 

Where new triangulation is connected to previously established triangulation, it is 

necessary to verify the identification and recovery of the old stations, and to check 
distances and directions to reference marks to ensure that the station marks have not 
been moved. The two stations at the ends of the old lme must be occupied and obser- 
vations made to a third station of the original scheme. If the measured angles check the 
original observations, the recovery of the old stations is assured. 

To assist in keeping current the records of descriptions of triangulation stations, 
as well as to provide control for hydrographic surveys, the sites of all previously estab- 
lished control stations within the area of the survey should be visited, if practicable, 
and a thorough search made for each station and its reference marks. A report shall 
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be made of this search (see 2272), but no station shall be reported “lost’’ unless an 

exhaustive search, or a change in the locality, establishes this fact beyond reasonable 
doubt. If such a search is impracticable, a statement relative to the extent of the 

examination shall be furnished so that all available information as to the status of the 
station may be properly noted in the office records. 

Ephemeral objects such as flagstaffs, beacons, and signal towers, whose positions 
have been previously determined, shall not be used for control until they have been 
positively identified or their original positions have been verified (see 214). 

226. STATION MARKS 

Each new station which is to be located by triangulation shall be marked with 

a standard bronze station-mark disk and at least two standard reference-mark disks 
of similar material, except well-defined natural or artificial objects located by inter- 
section and substantially constructed objects, such as lighthouses and water tanks, 
where disks are unnecessary or marking impracticable. 

When feasible, subsurface marks shall be established at all principal scheme second- 

‘ order stations where there is any probability that the station mark may be disturbed. 
The subsurface mark shall be set in accordance with paragraph c, page 39, Special 
Publication No. 145, Manual of Second- and Third-Order Triangulation and Traverse. 
The disk in the subsurface mark shall be stamped identically with that of the surface 
mark. Subsurface marks are generally not required at third-order stations. 

Azimuth marks shall not be established at second- or third-order triangulation 

stations unless the project instructions so specify. Because of the close spacing of 
stations, an adjacent station or some natural or artificial object will usually be visible 
and suffice for an azimuth mark. 

Infrequently, marks are set for the location of a station but, before its position has 
been determined, the station is abandoned because the site is unsatisfactory due to 
obstructed lines or other causes. In such cases, the marks must be removed and the 
station destroyed. 

In selecting a site for a station, it is always important to consider both the present 
and future use of the station. It is essential to have a location where the control station 
is the most effective for immediate use. For the control of subsequent surveys it is 
important to have a location and type of station mark that will remain intact and 
undisturbed for generations. 

Triangulation stations shall be marked as permanently as possible, because, at a 

cost of several hundred dollars per station, it is poor economy to establish a station 
in a hasty haphazard manner so that it may soon be lost, when a little more effort and 
care would have resulted in a more permanent station. Each disk should be secured 

effectively in rock or concrete, to resist removal, change of elevation, or rotation. All 
lettering shall be stamped on the disk before it is set in concrete to avoid the possibility 

of breaking the inital set, thus loosening the disk. Where stations are established in 

locations frequented by the general public, they should be located where they will be 
most protected from acts of vandalism. Where they are established along the shore, 
they should be located, if practicable, where they will be immune from destruction by 
normal beach or riverbank erosion. Experience has proved that small terra-cotta 
tile, filled with concrete into which a standard disk is set, is a poor material for marking 
a station. The tile is easily broken, the core of concrete soon crumbles, and the station 
is lost. Further specifications and particulars for marking triangulation stations may 
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be found in pages 38 to 41, Special Publication No. 145, Manual of Second- and Third- 
Order Triangulation and Traverse. 

2261. Resetting Station Marks 

Whether an old station is to be re-marked or not, often depends on the judgment 
of the person recovering the station. Under the following conditions, however, a station 
should always be re-marked: 

(a) The old station is marked by a chiseled cross, a drill hole in rock, or some other method not 

using a standard bronze disk. In such instances the station should be re-marked by a.standard disk, 

if this is practicable, so that the station will be better perpetuated and more easily identified and 
recovered. 

(6) The disk in the recovered station mark is loose, the concrete block is cracked or is in poor 

condition. 

(c) The station mark is destroyed but the subsurface mark is recovered without a question of 

doubt. : 

(d) The station mark is destroyed but two or more reference marks are recovered. A new 

station-mark disk can be established in the geographic position of the original station if: 

(1) Two reference marks are recovered and sufficient evidence of the original station mark is found to assure the re-marking of the 

station without a doubt by the intersection of distance ares swung from the reference marks, using the horizontal distances given in 

the description of station. 

(2) Three reference marks are recovered and the three distance ares intersect at a point, using the horizontal distances given in the 

description of station. 

If the station mark is missing but the requirements in (c) or (d) are not met, and 

a station is needed in this locality, a new monument should be set and given the same 
name as the original station with the number 2 added as a suffix. (See paragraph 4 of 
2156.) This station must then be located by triangulation or traverse from adjacent 
stations. If the station mark is missing but none of the requirements in (c) or (d) is 

met and the station 7s not needed in this locality, then the marks should be left as 
found. (See 2272 relative to recovery reports.) 

To ensure that the station is re-marked precisely in the original geographic position, construct a 

bench about 1 foot high over the station. The bench is constructed from a piece of 1- by 4-inch soft 

lumber supported by 2- by 4-inch stakes driven in the ground far enough away from the station so as 

not to be disturbed by the removal or resetting of the station mark. One end of the bench is nailed 

to the top of a stake by a single nail and the other end is swung into position on the other stake so that 

an edge of the bench is directly over the center of the old station-mark disk. In this position the 

free end is lightly nailed to its corresponding stake so that the nail penetrates the stake not more than 

one-fourth inch. With a plumb bob suspended directly over the station mark and the string running 

over the edge of the bench and across the top, the position of the string is marked by a small notch 

cut in the edge of the bench. The lightly nailed end of the bench is then pried off its stake, swung 

around out of the way and temporarily supported. The old mark is then removed, reinforced and 

reset, or replaced by a new mark and the disk set in the exact location of the original position by swing- 

ing the bench back into position, fitting the nail into its former impression and plumbing down from 

the notch in the edge of the bench. See illustration on page 5, Serial 632, The Preservation of Trian- 

gulation Station Marks. 

The stamping of station and reference marks at control stations of other organiza- 
tions is discussed in 224. 

2262. Relocating Station Marks 

When instructions are issued to a party to preserve, or move and relocate, a 

station endangered by a new highway, or other construction, one of the following methods 
shall be used: 

(a) If the original horizontal position can be retained, but at a different elevation, and the bench 

method described in 2261 is impracticable, set two stakes preferably less than 30 meters and never 
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more than 100 meters from the station, so that lines from them to the station will intersect approxi- 

mately at right angles. The stakes must be located where they will not be disturbed by the local 

construction, and spaced apart from each other and the station so that the focus of the instrument 

will not have to be changed during the measurements of the angles. This is important, for any change 

in focus when pointing from one station to another will likely affect the accuracy of the observations. 

Drive a projecting nail vertically in the top of each stake. With a theodolite centered over each nail 

and the station in succession, measure all three angles of the triangle formed by the two stakes and the 

station. Three positions with a 64-inch direction theodolite or one set of 3D and 3R with a 10-second 

repeating theodolite closing the horizon, will be sufficient. Measure accurately the horizontal dis- 

tance between all three points in the triangle. 

After the construction has been completed, the station is re-marked by setting up again at each 

stake, preferably using two instruments simultaneously, sighting on the nail in the other stake and 

turning off the angle previously determined. At the intersection of the two lines of sight, mark a 

temporary point at any desired elevation. Check this location by measuring the angle at each stake 

with the same accuracy as before. If they are in agreement with the angles measured before con- 

struction, the station will be in its exact original geographic position when replaced. If one or more 

of the angles do not agree move the temporary mark slightly and repeat the measurements until an 

agreement is reached. Before measuring the angles, the horizontal distances previously measured 

‘should be checked. If more precise measurements are desired and if azimuth control is available, 

the geographic position of the’ replaced station can be computed and compared with the original 

geographic position. 
(b) If the station has to be moved horizontally, establish a new mark or move the old one to a 

new position. The new location shall be determined by azimuth and distance measurements from 

the old station with at least third-order accuracy. The azimuth should be measured with three 

positions with a 6%-inch direction theodolite or one set of 6D and 6R with a 10-second repeating 

theodolite, and the horizontal distance taped twice (forward and backward), checking with an accuracy 

of at least one part in 5,000. Before or after the taping, the tape shall be compared with one which 

has been standardized. In determining the azimuth, another triangulation station should be used as 

the initial. Should an azimuth mark be available, it can be used in lieu of another station. If 

neither is available, use a natural or artificial object whose azimuth frem the original station has 

been determined or can be computed. Should this be lacking use a reference mark. When moving a 

station mark, it is essential to hold the original position by a bench or other means, until the azimuth 

observations and distance measurements have been made to determine the position of the new station. 

After the station mark has been established in the new position, occupy it to 

measure a direction to the azimuth mark, if there is one. Another triangulation station 

should be used as an initial, or the old station may be used if it is not too near. 

2263. Rules and Examples 

All triangulation stations shall be marked or re-marked, and the disks stamped, in 
accordance with the following rules: 

(a) Each newly established triangulation station shall be marked with a standard station-mark 

disk which shall be stamped with the name of the station and the year of establishment. 

(b) Each reference-mark disk shall be stamped with the name of the station, the number of the 

reference mark, and the year. j e 

(c) Each recovered ‘station which is re-marked shall be stamped with the original name of the 

station, the original date of establishment, and the year in which it is re-marked. 

(d) Additional reference marks may be established when a station is recovered and reoccupied. 

The name and date, or dates, on the reference-mark disks shall be the same as those on the station- 

mark disk at the time the reference mark is established. 

(e) Do not renew an old reference mark. If it is in poor condition, either reinforce it or destroy 

it and set a new reference mark which will be numbered with the next consecutive unused number, 

regardless of the existence or absence of any of the reference marks established previously. 

(f) The abbreviation ‘‘Eee.”’ (for eccentric) should never be stamped on a disk. Its use in the 

records should be solely to indicate that the observations made at that point must be reduced to the 

center station to close the triangles before being used in the subsequent computations. 

(g) All stamping on disks for new station and reference marks shall be done with %4,-inch dies, 
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The following examples relative to stamping triangulation-station and reference- 
mark disks shall be strictly followed: 

CASE I.—A new station is established. In the center of the station-mark disk is a small triangle. 
The year of establishment is stamped under one side and the name above the opposite apex of the 

triangle. 

Two reference marks shall be established and the disks shall be stamped with the station name, 

number, and year. ‘The reference marks shall be numbered consecutively in a clockwise direction 

from true north. They must be set so that the arrows on the disks point toward the station mark. 

Special disks, used for azimuth marks only, can be obtained from the Washington Office by requi- 

sition. These azimuth disks shall be stamped with the name of the station and the year of establish- 

ment. 

Example.—Station EAGLE is established in 1940. The disks shall be stamped as follows: 

Station mark: EAGLE, 1940 

Reference marks: EAGLE No. 1 (or 2), 1940 

Azimuth mark: EAGLE, 1940 

CASE II.—The station mark, reference mark, or azimuth mark is reinforced but not re-marked 

or otherwise disturbed in any way. If any or all of the above marks are reinforced only, the original 

stamping on the disks shall be retained without change, alteration, or addition. 
CASE III.—The station is re-marked in the precise original location, and a new reference mark is 

established. The original name and date of the station shall be retained and, in addition, the year 

the station is re-marked shall be stamped under the date of original establishment. In re-marking 

the station, a new station-mark disk shall be set if none was used formerly, or if the original disk 

cannot be re-used. 

If the two original reference marks are in good condition and in no danger of being destroyed in 

the near future, they should not be altered. 

Example.—Station “TABLE, 1925” is re-marked in 1940 and one new reference mark established. 

The station-mark disk shall be stamped ‘‘TABLE, 1925-1940.” 

The new reference-mark disk shall be stamped ‘‘TABLE, No. 3 (or next unused consecutive number), 1925-1940.”’ 

CASE IV.—The station mark only is moved. 

If a station is to be moved, it is generally more practicable to establish a new mark in the new loca- 

tion, and when this is done the old mark must be completely destroyed. The station name shall be 

preserved but the number ‘‘2” shall be stamped after the name (see 2156). The year the station is 

moved shall be stamped on the station-mark disk. The date of establishment of the original station 

shall not be stamped on a new disk, and if the old mark and disk are re-used, the original date shall 

be effaced by light tapping with the rounded end of a ball-peen hammer and the disk re-stamped with 

the new year. 

At least one new reference mark shall be established, stamped with the new station name and year 

of moving the station and given the next unused consecutive reference-mark number. Thestamping on 

the previous reference-mark disks shall not be changed. 

Example.—The station mark for ‘‘LUTKE, 1925” is moved in 1940 but the reference marks are not moved. 

The disk in the moved mark shall be stamped “‘LUTKE 2, 1940.’ If there were two previous reference marks, the new reference 

mark shall be stamped ‘‘LUTKE 2, No. 3, 1940.’’ 

CASE V.—The station mark and one or more of the reference marks or the azimuth mark are 

moved. 

The station mark shall be treated as in CASH IV. The newly established reference-mark disks 

shall be stamped with the name of the station, the following consecutive numbers, and the year the 

station was moved. The old date of establishment should not appear on the disks of any of the moved 

marks. Should it be more practicable to reset one of the moved reference marks rather than establish 

a new one, the stamping on the disk which is no longer in order shall be effaced as in CASE IV and 

the correct notation re-stamped. The former reference marks which have been moved or destroyed 

shall be reported as nonexistent. 

Example.—Station “SITKA, 1925” and its reference mark No. 2 are moved in 1940. 

The station-mark disk shall be stamped ‘“‘SITKA 2, 1940.”’ Reference mark No. 1 shall not be re-stamped. Reference mark 

No. 2, having been reset in a new location, shall be re-stamped ““SITKA 2, No. 3 (or the next unused consecutive number), 1940.’’ 

Should reference mark No. 2 be destroyed and a new reference mark set, the stamping on the new disk shall be exactly the same as in the 

preceding sentence. If the azimuth mark is moved it is stamped “‘SITKA 2, 1940.”’ It is not re-stamped unless it is moved. 

465382—44 i 
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CASE VI.—The station mark is not re-marked or moved but one or more of the reference marks are 

moved or one or more new reference marks are added. 

The original station name shall be preserved. The number of the reference mark moved shall be 

canceled and the next consecutive unused number stamped on the disk. 

Example.—Reference mark No. 2 for “RAVEN 1925” is moved in 1940 but the station mark is not re-marked or moved. 

The reference mark shall be stamped ‘‘RAVEN No. 3 (or next consecutive unused number), 1925,’’ If both reference marks are 

moved, the new reference marks shall be designated Nos. 3 and 4, or the next consecutive unused numbers, and the year 1925. The 

same shall apply if one or two new reference marks are established even though the two old reference marks are in good condition and 

their positions are not disturbed. 

CASE VII.—The station mark in not re-marked or moved but the azimuth mark is moved. 

In this case the azimuth mark shall be stamped with the name of the station, the year of the original 

establishment, and the year it is moved. 

Example.—The disk in the azimuth mark for station ‘‘MIAMI, 1925” shall be stamped ‘““MIAMI, 1925, Reset 1940.” 

227. DESCRIPTION OF STATIONS 

Descriptions of triangulation stations shall be typewritten on Form 525, Descrip- 
tion of Triangulation Station, and submitted to the Washington Office in single copy 
at the close of each season. When typing, it is advisable to make a carbon copy for 
the party’s records and for possible future reference. 

Notes pertaining to the description shall be made at the station at the time of 
establishment or occupation, either in the record book or in a separate notebook carried 
for that purpose. The complete description shall be written as soon as possible after 
leaving the station. Do not defer writing the descriptions until the end of the season, 

because the topography at the station sites may not be clearly visualized at that time, 
resulting in vague and inadequate descriptions. 

In writing a description, first enter, at the top of the form, the data relative to the 
name, State, county, year, reference-mark information, etc., and then write the detailed 

description. If the space on the card is insufficient, continue the description on another 
card, but not on the back of the same card. When more than one card is used for one 
description, identify each additional card by the station name at the top, followed by 
the word “‘continued”’ and number the series, ‘‘No. 1 of 2 cards,” “No. 2 of 2 cards,” 

etc. 

In writing the detailed description, begin with a statement showing the class of 
triangulation used in locating the station, and its general location with reference to 
some well-known geographic feature, such as a city, town, village, island, cape, or point. 

Follow with the detailed description and how to reach the station. If the station must 
be approached by water, emphasize the best place to make a landing and the route to 
follow to reach the station, should this information be of any advantage. (See also 
2142.) Conclude the description with a line or two concerning each reference mark, 

giving: 

First, the general direction (true) each is from the station mark, and 

Second, a brief description, should there be any essential divergence from the type as indicated 

by the general note. 

For standard classification of marks and the appropriate note to use in each par- 
ticular instance, see pages 112 to 114, Special Publication No. 145, Manual of Second- 
and Third-Order Triangulation and Traverse. 

All descriptions of stations established near the shore shall include distances 
measured from the station, normal to the high-water line, to characteristic and identi- 
fiable features of the beach, top of bluff, riverbank, or any other erodable feature, 

provided the distances do not exceed 200 meters. Since this information is for possible 
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use in erosion studies, the feature to which the measurement was made must be described 
in some detail. 

A station which is abandoned before its position has been determined, all marks 

being removed and destroyed, does not require a description. 

2271. Description of Stations of Other Agencies 

Any existing marked control station or boundary monument, originally established 
by some other agency, federal or otherwise, whose position is determined by this 
Bureau for the first time, shall be described as a new station on Form 525. Among 
the federal agencies, whose stations are most frequently encountered, are the Geological 
Survey, Corps of Engineers, General Land Office, and International Boundary Com- 
mission. 

The description shall state clearly whether the existing station was used as a station 
in the new scheme, or whether a new station was established nearby and the position 
of the existing station determined by distance and angular measurements. The name 
of the agency (abbreviated) which established the station shall be placed in parentheses 
after the name of the station and thereafter shall form an integral part of the station 
name; e. g., WILKES (U.S.E.). Form 525 must contain a complete description of the 
station, just as for a new station, since the descriptions of stations established by other 

agencies are ordinarily not on file in the Washington Office. The description shall 
state clearly what former marks were found, the stamping or inscription on them, 
whether the station was reinforced or marked and, if so, how, and what additional 

reference marks were established. (See 224.) 

2272. Recovery Notes 

A report shall be made on Form 526, Recovery Note, Triangulation Station, for 
each station recovered or searched for. If a station is recovered exactly as previously 
described and all marks are in good condition and the description is entirely adequate, a 
statement to that effect will be sufficient on the recovery note. If the station is removed, 
re-marked, reinforced, reset, replaced, or new reference marks are established, this 

information, with a brief description of the new mark, reference measurements and 
directions, and stampings on the marks must be submitted. If the original description 
is inadequate or changes have taken place since the station was established, such as 
new roads, real estate development, erection of new structures, changes in property 

ownership, changes in natural topography due to storms, erosion, excavation, improve- 

ments, etc., the recovery note shall contain a complete new description of the station, 

just as would be written for a new station. A specimen recovery note is given on page 
114, Special Publication No. 145, Manual of Second- and Third-Order Triangulation 
and Traverse. 

All reference distances and directions in the original description shall be verified 
and any discrepancies specifically noted. The initials of the person responsible for the 
description should appear in the lower right-hand corner of the card. 

228. PsrEuDO-TRIANGULATION METHODS 

In a hydrographic survey it is occasionally necessary to determine accurately 
the positions of one or more stations where conditions preclude the use of the conven- 
tional triangulation methods usually described in manuals. Necessity and ingenuity 
-gained through experience will generally produce some substitute method by which 
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accurate positions may be determined in such cases and often a situation, which at first 
appears almost insurmountable, may be satisfactorily solved. Generally, stations 
located by such methods must be considered topographic stations, and marked and 
described as such, for although the methods often more nearly resemble geodetic 
methods, usually some phase does not meet one of the requirements for third-order 

triangulation (see 211). The few typical substitute methods described here are only 
illustrative of what may be accomplished in this manner. 

2281. Location by One Angle and Range 

A station is often needed in a locality where its position may be readily and quickly 
determined by placing it on range with two existing stations and occupying it to 
measure the angle between the range and a third existing station. 

In figure 8, the old stations MARION, RUDOLF, and DEVON have been previously recovered and signals have been built 

over them. A station on an island is needed quickly for the control of the topography, when it is discovered that the limits of the 

topographic sheet are such that a satisfactory topographic position cannot be obtained. 

RUDOLF 

FIGURE 8.—Location by range and one observed angle. 

Investigation discloses that a new station ALBINO can be conveniently located on range with RUDOLF and MARION at a 

point from which DEVON can be seen. This is accomplished by setting up a theodolite on range by eye, and then shifting it slightly 

until the signal poles at the two stations are precisely on range when viewed through the telescope, their verticality being checked 

at the same time. 

The angle at ALBINO between the range line and station DEVON is measured, this being the only measurement necessary to 

determine the position of station ALBINO. The angle at RUDOLF is obtained from the forward azimuth of the line to DEVON 

and the back azimuth of the line to MARION, and the angle at DEVON is concluded to complete the triangle. The position of 

ALBINO can be computed from the triangle ALBINO—DEVON—RUDOLEF or the triangle ALBINO—DEVON—MARION, 

If the three old stations have been indisputably recovered (their reference marks 
having also been recovered and the reference distances checked), no additional check 
angles need be observed. In this case there is no check on the position, and a station so 

determined shall be marked with a standard topographic station-mark disk and 
described on Form 524, Description of Recoverable Hydrographic or Topographic 
Stations. It is not to be considered a triangulation station since the method does not 
meet the requirements for third-order triangulation. 

If all three recovered triangulation stations had come within the limits of the 
topographic sheet, a station could have been located graphically by setting up the 
planetable on the range and resecting on the third station. 
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2282. Ship-Intersection Method 

There are stretches of coastline along which control cannot be established either 
by triangulation or by traverse, except with extraordinary difficulty and at great 
expense. Along short sections of such a coast, control can often be established with 
satisfactory accuracy by the ship-intersection method, provided the stations so located 

are not used for the extension of control beyond the limited areas in which they occur. 
The method is illustrated in figure 9. A and B are triangulation stations, whose 

geographic positions are known and which have been indisputably recovered and 
which are intervisible. To extend control westward along the shore, a new station C 
is selected which is visible from 6B and from which a strategic point farther west can 
be seen. To locate C from the line AB, observers must occupy all three shore stations 
simultaneously. The vessel is anchored at position 1. A black-and-white target on“a 
2- by 2-inch pole is secured to a stanchion on the flying bridge, or elsewhere, where the 
target will be distinct and quickly detectable. 

FIGURE 9.—Establishing shore control by the ship-intersection method. 

The observing procedure is as follows: Each observer first orients his instrument on the triangulation station immediately adjacent 
to his station; that is, A orients on B, Bon A, and Con B. He then signals to the vessel by a white flag that he is ready to begin 

observing. When all signals have been received, one long blast is blown on the whistle. This signal is the zero hour and is so recorded 

by each of the three shore observers, whose watches have been set in agreement within a few seconds. A minute later, a flag is raised 

on the vessel, where it is visible to the observers, to signify stand by. Thirty seconds later, it is rapidly lowered. As soon as the signal 

flag starts down, simultaneous angle observations are made on the target by the three shore observers. One minute later, the signal 

flag is again raised for stand by, and 30 seconds later it is hauled down for mark. This procedure is repeated for direct and reverse 

pointings for as many positions as required. Six to eight positions with a second-order direction theodolite are considered sufficient. 

In addition to the above observations, the observer at B must measure the sum angle ABC in order to provide data for comput- 
ing the triangle CB 1. j 

To obtain a length check on the line BC, the vessel is moved to position 2 where 
the procedure is repeated. Best results are obtained when the sea is very calm and 

there is a minimum of rolling and swinging of the vessel. The same identical part 
of the pole or target must be pointed on by the three shore observers. Where long 
lines are to be observed, the observations are facilitated and their simultaneousness 

is ensured by the use of a sending and receiving radio set at each shore station to 
maintain communication with the vessel. 

The control can be subsequently extended beyond C by establishing additional 
stations and repeating the procedure. At the end of such a scheme, a connection should 
be made to a line of the scheme of triangulation established by conventional methods, 
in order to determine the accuracy of the locations and permit adjustment if desired. 

The advantage of this method is obvious, for the building of tall signals, the 
transportation of the necessary lumber, and probable extensive clearing are slow and 
expensive. Unless the importance of the area is sufficient to require triangulation by 
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standard methods, it is doubtful if the difference in accuracy obtainable would warrant 
it, since results approaching third-order accuracy may be obtained by this method. 

This type of control does not meet the requirements for third-order triangulation 
because the ship stations are not stationary and there is one concluded angle mm every 
triangle. Stations located by this method shall be termed topographic stations, and 

shall be marked by standard topographic-station marks and be described on Form 524, 

(See 211.) 
2283. Buoy-Intersection Method 

A method similar to the ship-intersection method is by the use of a row of buoys, 
or floating signals, anchored at strategic positions along the coast to form one side of 
a scheme for a short distance. This method should be resorted to only when the type 
of coast is such that the positions of the desired stations cannot be determined economi- 
cally by standard methods and the water is not too deep to prevent anchoring buoys far 
enough offshore to provide good strength of figures. The buoys shall be placed a 
sufficient distance offshore so that the smallest distance angle in any triangle shall not 

be less than 30°. 

FIGURE 10.—Establishing shore control by the buoy-intersection method. 

In figure 10, A, B, and F are established triangulation stations and control is desired between Band F. Intervisible stations are 

located at C, D, and E and floating signals are anchored at W, X, Y,:and Z. The method of observation is apparent from the figure, 

Enough consecutive stations should be occupied at one time to permit simultaneous observations on any one buoy. Six to eight posi- 

tions with a second-order direction theodolite should give results approaching third-order accuracy.’ No length checks are obtained 

by this method, unless twice as many buoys are used for control (see 2282). A check on the work is obtained, however, when the 

scheme is closed on F. Any discrepancy between the two determinations of F should be adjusted and proportioned among stations C, 

D,and E. Ifa topographic survey by planetable traverse is contemplated, a field check of the positions will also be obtained as the 

traverse proceeds from one station to another, the principal check being when the traverse reaches station F’. 

Stations located by this method shall be marked and described as in 2281. 

2284. Offset Traverse 

Traverse is not to be considered a satisfactory substitute for triangulation when 
the location of important control is involved. It may be resorted to, however, in 

localities where triangulation is impracticable, or along stretches of shore where the 

principal scheme of triangulation veers inland away from the coast. Complete 
instructions for third-order traverse may be found in Chapter 4, Special Publication 

No. 145. 

Where the terrain makes both triangulation and traverse by taped distances 

impossible, a careful offset traverse may be substituted, which will approximate third- 

order accuracy. A typical area where offset traverse may be advantageously used is 

illustrated in figure 11. 
A scheme of triangulation is impracticable along the shore of the southern end of 

Onward Island but it can be carried overland, spanning a depression between two 
divides, to make a connection between the triangulation on the east and west coasts. 

The coast between A and M rises abruptly to an elevation of about a thousand feet, 
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preventing any inland triangulation stations from being visible from the shore. Also 
the beach is so rocky and the shoreline so indented that measurement by taped 
distances is impossible but, since the beach is not inaccessible, control for planetable 
topography can be established by offset traverse. 

N 

FIGURE 12.—The offset traverse method. 

The traverse is run along the outer coast of Onward Island between triangulation stations at A and M. The distances between 

traverse stations are derived from taped offsets and distance angles. Referring to figure 12, triangulation station A is occupied with 

a theodolite. Any of the other triangulation stations is used for orientation, and a direction angle for azimuth is measured to B, the 

next forward traverse station selected. An offset station a is then established at exactly right angles to the line AB where it will be 

visible from B, and about 30 meters distant from A. The angle aA B is then observed and the horizontal distance Aa is taped accu- 

rately. Then traverse station B is occupied and directions to A, a, and C the next forward traverse station are observed. The 

distance angle A Ba combined with the 90° angle at A and the measured distance Aa are the elements needed to compute the slender 

triangle AaB and to obtain the distance AB. At B then an offset station b is selected at exactly right angles to the line BC, the angle 

bBC is observed and the distance Bb measured. THe same procedure is followed in occupying subsequent traverse stations. The 

90° angles to the offset stations should not be included in the same horizon closure with the other angles, ifa repeating theodolite is used. 

With offsets always normal to the direction of the forward station, the logarithm 

of the distance between traverse stations is the difference between the logarithms of the 
offset distance and the tangent of the distance angle. 

If the horizontal distance to an offset station cannot be measured, measure the 

inclined distance and correct it for inclination. The difference in elevation between a 

traverse station and its offset station may be determined by bringing the eye in the 

plane of one station and the visible sea horizon and noting the depression of the other 

station below the plane on a graduated pole. Another method of obtaining the hori- 

zontal distance is to stretch the tape between the horizontal axis of the telescope and 
the offset station, measuring the inclined distance accurately. Sight the telescope 

along the tape to the offset station and measure the angle of elevation or depression. 
From these data the horizontal distance is computed. 
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The offset traverse method may be expected to result in accumulated errors no 

greater than 1 meter per mile. Stations located by this method shall be marked and 
described as in 2281. 

2285. Three-Point Fixes 

Infrequently on combined operations and occasionally on air photographic surveys, 
three-point fixes may be used for locating supplemental control stations in which one or 
more of the stations observed are intersection points, such as spires, tanks, ete. The 
observations shall consist of at least one set of 3D and 3R with a 10-second repeating 
theodolite or two positions with a second-order direction theodolite. 

The computation of the three-point problem should be made on Form 655, as 
described in detail on pages 98 to 100 in Special Publication No. 145, Manual of Second- 
and Third-Order Triangulation and Traverse. Because there is no check on the posi- 
tion, it is considered a topographic station and shall be marked and described as 
explained in 2281. 

If observations are made on a fourth station so as to give a check, and all four 
stations are third-order or better, the supplemental station shall be considered of third- 
order accuracy, provided the observations consist of at least one set of 6D and 6R with 
a 10-second repeating theodolite or four positions with a second-order direction theod- 
olite. Standard triangulation station-mark disks shall then be used for marking. 

23. TOPOGRAPHY 

A topographic survey is the determination of the positions, on the earth’s surface, 

of the natural features and the culture of a locality and the delineation of them by 
means of conventional signs and symbols on a plane surface called a topographic map. 
Such a map shows both the horizontal distances between the features and their eleva- 
tions abové a certain level called the datum plane. The representation of the variations 
in elevation is called relief. 

Although the depths in the water area are the most important data on a nautical 
chart, the topographic features of a coast are only second in importance because, in 
sight of land, the mariner is chiefly guided by, and determines his position from, the aids 

to navigation and the shore landmarks which he can identify. Contours or form lines 
must be included so that the topographic relief of the area will permit the mariner to 
identify quickly and with certainty the rivers, valleys, hills, mountains, etc. A chart 
should include the topographic details of the adjacent shore and all the salient features 
of landmark value that are visible from a ship at sea. 

Complete instructions and specifications for topographic surveying are contained 

in Special Publication No. 144, Topographic Manual. Except as modified in the 
project instructions and in this Manual, those requirements shall be strictly followed 
by hydrographic parties engaged in topographic surveying. Only the briefest dis- 
cussion of the subject can be included in this Manual, which is particularly concerned 
with the establishment of control for hydrographic surveys, and which describes some 
special applications and methods of planetable and air photographic surveys which are 

peculiarly adapted to hydrographic surveys. 

231. GENERAL STATEMENT 

Topographic control is necessary to supplement the triangulation control for use 

in launch and visually controlled ship hydrography. 
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There are two general methods of locating signals for hydrographic control. One 
method is by planetable, alidade, and stadia rods. This is the older method but is 
being supplanted to a considerable extent by a new method, namely, air photography. 
By both methods stations along or just inshore from the beach are located for use as 
control points for the hydrography. The positions of these stations are plotted on the 
boat sheet from which the hydrographer determines his position on the water by means 
of sextant angles observed between three such stations. 

When survey parties are engaged in combined operations, the topographic surveys 

naturally precede the inshore hydrography. The signals, shoreline, and other detail 
are generally located on aluminum-mounted sheets by conventional topographic 
methods, and are transferred to the boat sheets in sections as they are completed. 
In the average area one planetable party can keep well ahead of one launch party 
sounding with handlead or wire. The recent use of portable graphic-recording echo- 
sounding instruments has doubled and, in some areas, more than doubled the progress 
of launch hydrography, and consequently its progress is now dependent to a great 
extent on the speed at which the topographic parties operate. 

2311. Reference Plane 

The plane of reference used by the Coast and Geodetic Survey for the elevations 
and contours for topographic surveys along coastal areas is mean high water (MHW), 
regardless of locality. It is never mean higher high water. The plane of reference for 
elevations must not be confused with the plane of reference for depths, which is depend- 
ent on the locality (see 2172), or the plane of reference for the control of precise leveling, 
which is mean sea level. 

. 2312. Offshore Details 

The topographer shall locate all rocks, pinnacles, reefs, etc., along the shoreline, if 

possible. Breakers or sunken rocks, when noted, shall be located approximately, if 
their positions cannot be determined definitely, so that the hydrographic party may 
know in advance of the existence of such dangers in order to locate them definitely 
when working in that area. (See also 363, 364, and 365.) 

2313. Method of Location 

Except for air photographic surveys, it is assumed that conventional planetable 
methods will be used to locate the topographic stations, and since a survey by planetable 
is a graphic survey there are no notes nor record of any of the measurements by which 
the positions are determined. 

When special or unconventional methods are used to locate a station or group of 
stations in an area, special mention of this shall be made in the Descriptive Report 
accompanying the topographic survey. If all stations are located by conventional 
planetable methods, a statement to this effect shall be included in the Descriptive 
Report. 

When a new method is used successfully, a special report shall be made to the 

Washington Office describing the method in detail with particular emphasis on the 
probable accuracy obtained by its use. 

232. AccuRACY OF TOPOGRAPHY 

One of the principal objects of the topographic survey is to locate the minor control 
stations for the sucsequent use of the hydrographic party. Such methods and instru- 

465382448 
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ments shall be used that 90 percent of these control stations will be within 0.5 mm of 

correct geographic position, and no station shall be in error by more than 0.8 mm. 
Except as otherwise provided in the project instructions, topographic surveys 

(either planetable or air photographic) to locate control stations for hydrography shall 
be on a scale equal to or larger than the largest-scale hydrographic survey to which 

they apply. 
Planetable traverses, and graphic triangulation by planetable or by means of 

air photographs, shall start from and end at control stations of third order or higher. 
Exceptionally, minor control may be extended for short distances up relatively unim- 
portant waterways without ending at a control station of third order or higher, where 

compliance with the rule would be uneconomic. In such case extraordinary pre- 
cautions must be taken to ensure the accuracy of the work; the figures in any graphic 
triangulation must be strong, and the length of sights in any traverse must be neither 
excessively long nor short, with check distances measured at every traverse set-up. 

To attain the required accuracy in planetable and air photographic surveys, the 

following precautions are essential: 

(a) Projection lines shall be fine and shall check within 0.15 mm. 

(b) Basie control stations shall be plotted and checked within 0.15 mm, with reference to the 

nearest projection lines. 

(c) Control stations (basic and minor) shall be identified on air photographs within 0.2 mm. 

(d) Triangles of error at minor control points located shall never exceed 1.0 mm, regardless of 

the method of location. 

(e) Closing errors of planetable traverses, prior to adjustment, shall not exceed 0.4 mm per mile, 

at the scale of the sheet; and in no case shall the total closing error, which may be adjusted, exceed 

2.0 mm at the scale of the sheet. 

Closing traverse errors within the limits prescribed in (e) may be adjusted graphi- 
cally on the sheet. Traverses resulting in larger closing errors shall be partly or 
entirely rerun to obtain the prescribed accuracy. : 

Most planetable traverses are short, since basic control stations are usually only 
2 miles apart and never more than 5 miles apart (see 2231). Aluminum-mounted sheets 

(see 233), which are used for practically all planetable surveys, eliminate errors due to 
distortion. This amount of control and the elimination of distortion make compliance 
with the requirements relatively easy; in fact most traverse closure errors should not 
exceed one-half the allowable error. 

For planetable surveys, the Descriptive Report shall contain in tabular form a 
list of all traverses, with their lengths and closures before adjustment, and the names 

of the control stations at the ends of each traverse. 

233. ALUMINUM-MoUNTED TOPOGRAPHIC SHEETS 

The distortion of the topographic sheet has been one of the most serious handicaps 
in planetable surveying. Prior to 1932 cloth-mounted Whatman sheets (see 7111) 
were used almost exclusively in the Coast and Geodetic Survey for topographic surveys. 
An aluminum-mounted topographic sheet, designed especially for topographic work, 
is now being used for practically all planetable surveys. Unless special instructions 
are issued to the contrary, these aluminum-mounted sheets shall be used for all future 

planetable topographic and graphic control surveys. 
The aluminum-mounted sheet is constructed of highest quality Bristol board 

mounted on both sides of a flat aluminum sheet 0.04 inch thick. The size commonly 

used is 24 by 31 inches, which is identical with the size of the planetable board. A metal 



PaGceE 91 CONTROL AND SIGNAL BUILDING 234 

clamping device designed in the Bureau is used to hold the sheet rigidly in place while 
in use. The edges of the Bristol board extend approximately one-half inch beyond the 
aluminum and are hermetically sealed to exclude any moisture which might destroy 
the permanent bond between the paper and the aluminum. The Bristol boards on 
the two sides of the aluminum must be of identical material and quality to preclude 
a differential expansion or contraction which might warp the sheet. Ordinarily only 
one side of the sheet is used for the planetable survey although both are sometimes used. 

The Bristol board of which the mounted sheets are made has a smooth hard 
surface which is exceptionally suitable for drafting with either pencil or pen and ink. 

The absence of any noticeable distortion under any climatic conditions or over 
long periods of time makes the use of this sheet a joy to the topographer. A sheet 
tested in Alaska in 1932 showed no measureable dimensional change. Under the same 
conditions a Whatman cloth-mounted sheet underwent a percentage change from plus 
0.50 percent to minus 0.82 percent. 

In 1934 an aluminum-mounted sheet, on which the topographic survey was practically complete, dropped overboard in 8% fathoms 

of water. The sheet was retrieved by the topographer by being pierced by nails fastened to the lower end of a 30-pound sounding lead, 

four nail holes being made in the sheet before it was recovered. It was in the water about 45 minutes. After recovery it was dried 

carefully, and when the projection was checked it showed practically no measurable change in length and but 0.02 to 0.04 percent con- 

traction in width. Today, in the archives of the Washington Office, this sheet shows no stains nor sign of disintegration and no addi- 

tional change has occurred in its dimensions. ; 

Actual performance in the field, together with a number of special tests, has proved beyond question that the problem of distortion 

has been solved by the aluminum-mounted sheet. In 1934 a topographer located a number of beacons by planetable on an aluminum- 

morinted sheet, scale 1:10,000, and the distances between these were scaled from the topographic sheet at the time. Subsequently, 

these identical beacons were located by triangulation and a comparison of the computed geodetic distances with the scaled distances 

disclosed an average difference of only 0.7 meter, the largest difference being 1.6 meters in a distance of 2340 meters. The distances 

varied from 1164 to 5675 meters. 

Other advantages of the aluminum-mounted sheet are that the wind cannot blow 
between the sheet and the planetable board to disturb the topographer as was the case 
with the Whatman sheet, and the sheet can be used under adverse climatic conditions, 
such as exposure to heavy mist or light rain, which made the use of the Whatman sheet 
impracticable. 

It has been proved that a considerably higher accuracy can be attained with the 
use of the aluminum-mounted sheets and almost every topographer who has used them 

has expressed pleasure and satisfaction with them. The absence of distortion makes 
it a pleasure to use the three-point problem without the tedious procedure of adjusting 
the position for distortion, and careful centering and orientation practically assure 
that cuts taken to an object will intersect in a point. 

234. HyprROGRAPHIC SIGNALS 

In the absence of air photographic surveys, the necessary hydrographic control 
may be located accurately and economically by means of the planetable. 

The locating of various hydrographic signals, shoreline, and off-lying detail is of 

primary importance, as inshore hydrography cannot be done without a large number 
of temporary signals necessary for sextant fixes close inshore and elsewhere. 

When topographic and hydrographic parties are operating in the same immediate 

area, from the same ship or shore base, the topographer shall daily make a tracing of 

his results for transfer to the boat sheet, thus providing the hydrographer with the 

positions of all newly located signals for use in his next day’s work. 

Since the topographic survey usually immediately precedes and locates control for 
the hydrographic survey, the topographer must have an intimate knowledge of the 
requirements of the hydrographer in order to provide him with stations at desirable 
locations and frequency. The topographer should plan the stations from the point of 
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view of a hydrographer surveying the adjacent waters from a launch. He should place 
the temporary signals, whitewashes, banners, tripods, etc., at points best situated to 

give strong fixes throughout the entire area. If the topographer succeeds in this, 
excellent control will be available for the hydrographic survey, and the hydrographer-. 
will not be delayed by having to build.and cut in supplemental signals nor by the dif- 

_ ficulty of identifying one signal from another as where they are unnecessarily numerous 
and similar in appearance. 

2341. Hydrographic Signal Building 

Stations along a sandy beach or a low flat area should be placed well back from 
the beach, where practicable, to provide stronger sextant fixes with fewer stations to 
control the hydrography close to the shore. In any case they should be at least far 
enough from the beach so they will not be destroyed by wave action due to high water 

or storms. 

Where signals are built along an irregular coast, one should always be located at 
the head of each inlet or small cove. Stations on cliffs, high hills, or bluffs are unsatis- 

factory for sextant fixes close inshore, because the sextant may have to be tilted so far 
from the horizontal plane to measure the angles that corrections have to be applied 

(see 3338). 

The signals need not be erected with more permanency than is required to remain 

intact until the hydrography in the area has been completed. Whitewashes, driftwood 
tripods, flags, banners on stumps, wreckage, and numerous other objects make splendid 
signals for launch hydrography when properly dressed. 

Care must be taken to vary the shapes, sizes, and spacing of the signals to prevent 
confusion. Too much importance cannot be placed on the spacing of stations, size of 

the signal, and range of visibility. When viewed from a mile or two offshore, signals 

spaced too close together, especially if they are small, dim, and of similar appearance, 
may be difficult to identify when reflected in sextant mirrors. 

In the spacing of stations, one every half-mile may be sufficient if they can be 
located a quarter of a mile inshore from the beach. Where the beach is irregular and 
vision inland is obstructed by trees, bluffs, cliffs, etc., stations spaced 300 to 400 meters 
apart will usually be sufficient. Signals widely spaced, unless they are well back 

from the beach, furnish weak fixes for positions close inshore. 
Signals appropriately located and erected are a very important prelude to successful 

launch hydrography. The ease and smoothness with which a launch unit operates 
depend to a large extent on the competency with which the signal-building party does 
its work. Whitewashing or signal building in the fog is unsatisfactory and should not 
be resorted to; vision is limited and distances cannot be judged correctly, with the 
result that the stations are frequently. too close together and often are all of similar 

appearance. 
Where the stations are located and spaced so that strong fixes will be available at 

any point in the area and are varied in size and shape so as to be quickly and unmis- 
takably identified, then the control will be adequate for hydrographic surveying. 

235. RECOVERABLE TOPOGRAPHIC STATIONS 

Changes in topography and culture occur as the country develops, or as a particular 

area increases in importance, and revision surveys become necessary. Such surveys 
should not be undertaken until a thorough search has been made for stations established 
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during prior surveys. The number of stations recovered may be sufficient for control 
of the new survey. 

To provide for future use in revision surveys, the topographer shall supplement 
existing control by establishing additional recoverable stations so that there are control 
stations at 1-mile intervals along the coastline; except along rugged or swampy coast- 

line bordering areas unfavorable to habitation or industry, where the interval may be 
increased to not more than 2 miles (see 2141). 

These recoverable stations may be natural or artificial objects when available, or 
standard topographic disks set especially for this purpose, and together with other 

control stations provide recoverable control at the required intervals. When practic- 
able, stations should be established where they can be easily identified, and in the most 
permanent places available. Conspicuous points, rock outcrops, large boulders, etc., 
are excellent places to set station-mark disks. Often natural or artificial objects exist 
which make splendid topographic stations that are recoverable without special marking. 
Some of the natural ones have remained intact for generations and are very likely to 
remain so for years to come. The establishment of a station at its most likely location 
will aid a later party in its recovery. 

All topographic stations specially marked for future recovery shall be marked 

with standard .bronze topographic station marks, stamped with the name and year. 
Reference marks are not set at topographic stations. Paragraph 29, page 7, and line 8, 

page 52 of Special Publication No. 144, Topographic Manual, are hereby amended by 

the substitution of the word ‘topographic’’ for the word ‘“hydrographic.’”’ Hydro- 
graphic station marks are no longer used by the Coast and Geodetic Survey and hence- 
forth shall be considered obsolete. 

2351. Descriptions of Recoverable Topographic Stations 

New recoverable topographic stations shall be described on Form 524. Fill in 

the spaces provided at the top of the form with the appropriate information. Under 
“‘Detailed description”’ write a complete description of the station just as if it were 
a description of a triangulation station: what it is like; where located; air-line distance 

and direction from some well-known geographic feature, or some other permanent refer- 

ence; how to reach the station; etc. (see 227). Distances and true directions, whether 
observed by theodolite or compass, shall be given to the high-water line and any nearby 

witness marks which will assist in the recovery of the station. If there are witness 

objects or reference points which might be identifiable on air photographs, distances 
should be measured to several in different directions, and a detailed sketch of the 

vicinity should be made to show the relation of the station to the witness marks. 
The same form shall be used to report the recovery of a topographic station, but 

the following changes should be made: 

(a) Print a conspicuous capital R in the upper right-hand corner of the form. 

(b) In the space for the year, enter the year of the original marking in parentheses, followed by 

the year of the recovery. : 

(c) In the space for ‘‘Chief of Party,” note the initials, in parentheses, of the Chief of Party 

who established the station, followed by the name of the Chief of Party making the recovery. 

(d) Under ‘Detailed description,” a brief statement as to the adequacy of the original description 

will be sufficient if it is adequate. If it is inadequate, write a complete new description just as for a 

new station. If the station is not recovered, state whether it should be considered lost or not, giving 

particulars, and the time spent in searching for the station. 
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236. CONNECTION WitH CONTROL OF OTHER AGENCIES 

Permanently marked triangulation and traverse stations established by the 
United States Corps of Engineers, other agencies, or local engineers, encountered during 

_ the normal progress of a topographic survey that have not been connected to the federal 

network of control established by this Bureau, shall be located by the topographic 
survey so that their positions are available on the established geodetic datum. Such 
stations should be located with particular accuracy—locations as follows will be con- 
sidered satisfactory: 

(a) By graphic triangulation with a perfect intersection of at least three cuts. 

(b) By a closed traverse which requires no adjustment—provided that adjusted traverses com- 

plying with the requirements may be tolerated in areas where a 5-mile spacing of the triangulation 
control is permitted (see 2231). 

Permanently marked bench marks, and control stations of other agencies known 
to have been connected by triangulation to the federal network, but for which the 

topographer does not have the positions, which are encountered during the topographic 
survey shall also be located. Bench marks of the first- and second-order level net and 
tidal bench marks established by this Bureau, as well as bench marks established by 
the Corps of Engineers, other agencies, and local engineers should be included. No 
special effort need be made to locate these with an accuracy greater thar that ordinarily 
obtained in the topographic survey. 

The triangulation and traverse stations and the bench marks which are located 
by topography shall be described on Form 524, in accordance with 2351. 

2361. Uncontrolled Maps and Blueprints 

Existing maps or blueprints of surveys of special areas may be submitted to 
supplement topographic surveys or as indicative of changes which have taken place 
in the areas. In either case a field inspection shall be made on the ground to determine 
and note which features shown on the plan represent actual conditions; planned im- 

provements or construction, if nonexistent at the time of the inspection, shall be 
plainly indicated on the copy transmitted. Explanatory notes shall be made wher- 

ever necessary for a complete understanding of the conditions at the time of the 

inspection. The date of the examination shall be noted. No map or blueprint should 
be submitted in lieu of making a topographic survey unless it complies approxi- 
mately with the requirements for topographic surveys of this Bureau, taking into 
consideration the larger scale of the plan. The topographer or Chief of Party shall 
state over his signature that an examination has been made on the ground, and that 

the plan, as corrected or amended, represents actual existing conditions at the time. 
If the map or sketch is submitted to supplement a topographic survey it should 

be submitted at the same time and be considered a part of the records accompanying 
the topographic survey. 

Complete details shall be given as to the source of the map or blueprint and if 
this has an identifying number it should be included; the date of the survey and the 

scale shall be furnished if known. 
Maps and blueprints of surveys of local areas are frequently uncontrolled geo- 

graphically or are based on a local control which is not connected with the federal 
network of triangulation. Such a map or blueprint is useless unless a sufficient num- 
ber of points shown on the map or blueprint are located by triangulation or topography 
to permit its correlation with the surveys of this Bureau. Three accurately deter- 
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mined points separated as widely as possible, preferably near the margins of the blue- 
print or map, and forming a well-shaped triangle, ordinarily will provide excellent 
control. These points must be tied into the control net by triangulation or located 
by the topographer at the time of his planetable survey and identified both on the 
map or blueprint and on the topographic sheet. Features which are to be recommended 
as landmarks for the use of the navigator are important and shall be located by the 
topographer independently from the plan. 

237. GRAPHIC CONTROL SURVEYS 

A graphic control survey is a skeleton survey made by planetable for the purpose 
of (a) locating the hydrographic signals, (6) locating additional control for air photo- 

graphic surveys and clarification of indefinite detail on the photographs, or (c) a com- 
bination of the two. 

Since much of the topography on nautical charts is now obtained from air photo- 

graphic surveys, graphic control surveys are frequently made in connection with the 
hydrographic survey. These surveys are usually made on aluminum-mounted sheets 
(see 233) which are not subject to distortion and on which the desired control can be 
located most accurately. Any of the conventional planetable methods may be used. 

Such surveys ordinarily do not contain enough topographic detail to be considered 

topographic surveys and they are not registered as such in the Washington Office. 
If a hydrographic survey is made in an area where an air photographic survey 

is planned in the near future, the graphic control surveys consist almost exclusively 

of the locations of the hydrographic signals. If the hydrographic survey is made 

after the photographs are available, but before they have been compiled into plani- 
metric maps, the graphic control surveys may contain, besides hydrographic signals, 

additional points for controlling the photographs, as well as the delineation of certain 

indefinite or indistinct features on the photographs. Among the latter are the high- 
water line along gently sloping sand beaches, intricate waterfront detail, and rocks 

nearly awash. It may be desirable in some cases to delineate the shoreline in critical 
areas, aS in narrow passages or where channels border the shore closely. Where fre- 
quent changes in signals are necessary during the hydrographic survey, the shoreline 
will often aid in identifying the signals—even a sketched shoreline may be useful in 
this respect. 

Graphic control surveys should also include the location of all aids to navigation 
within the area which have not been located by triangulation—and cannot be unmis- 
takably identified on the photographs. 

238. SpEcIAL TorpoGRApHic METHODS 

The use of the planetable and alidade has been found a most efficient and adaptable 
method of making ground topographic surveys, but in special circumstances the use of a 

substitute method will be found advantageous, especially in places where the principal 
aim is to locate stations for the hydrographic control. An experienced topographer 

will soon learn when and where the use of substitute methods is of advantage or can 
be tolerated. Generally, any method may be used which will result in accuracy as 
great as or greater than that obtainable by the usual planetable methods. A method 
which may result in a lesser accuracy can be tolerated only where conditions practically 
prohibit the more conventional methods. 
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2381. Wire Traverse 

Distance measurements by wire, instead of stadia, may be used to advantage in 

planetable traverse in areas of low flat terrain and sparse vegetation, especially where 
heat waves are prevalent and are likely to decrease the visibility and the accuracy of 
stadia distances. Under such conditions wire traverse distance measurements increase 
the progress of the planetable traverse considerably, not to mention the increased 
accuracy obtained. This method is very efficient along broad, straight beaches, which 
are low and flat, where the principal object is to locate hydrographic signals. 

Ordinary stranded sounding wire (see 4651) in a 100-meter length has been found 

very satisfactory for this purpose. The wire is marked at 25-meter intervals by the 
insertion of small pieces of cloth between the wire strands. Extra length is allowed 

at each end of the measuring wire for holding toggles. 
Pins about 20 inches long are used for marking the 100-meter lengths on the ground 

when measuring. A convenient way of accounting for the number of lengths measured 
is to use six pins. The rear chainman retains one pin at the starting pomt and the 

head chainman starts out with the other five. When the latter has used his five pins he 
has advanced 500 meters. The rear chainman then comes forward and gives the 
forward chainman five pins and the measurements are resumed. <A plus or minus 

distance at the end of a traverse, or at a signal, is measured with a steel tape and the 

total distance plotted along the azimuth line drawn on the planetable sheet. The 
topographer, sighting through the alidade, can keep the chainmen on line by signaling 

to them with a white flag on a long pole. 
Intermediate points may be located along the traverse where necessary for locating 

detail, the positions of other objects being determined by intersection cuts as the 

traverse progresses. 

A calibrated wire can be used in a similar manner over the surface of the water, 
to span narrow waterways and to measure from one rocky point to another, if it is 

equipped at short intervals with fittings to which floats may be attached. It cannot 
be used where there are crosscurrents. The azimuth can be carried forward with a 

planetable or a transit. 
2382. Sextometer Method 

The sextometer method is a substitute for planetable traverse for short distances 

in unimportant areas where the use of the planetable is impracticable. The survey 
party operates in a launch, with skiffs for transportation of the rodmen. Azimuth is 

carried forward by means of angles accurately measured with a navigating sextant. 

Distance is determined by measuring, also with the navigating sextant, the small hori- 

zontal angle between fixed targets on a special rod held horizontally ; such angles should 
be measured to the nearest 10 seconds. The angle may be converted into a distance 

in meters by means of a hypsograph. (See Special Publication No. 144, pp. 20-23.) 
The method is not accurate and is resorted to only to locate the high-water lme 

and hydrographic signals for short distances up minor streams or tributaries, which 

are too narrow and crooked and where the vegetation along the banks is too dense and 
overhanging for the planetable to be used economically, and the water beyond is 

too deep for water set-ups. It is useful in sloughs through swamps and in narrow 
channels through mangrove growths. The use of the method is authorized only where 

the waterway is unimportant, its width is less than 200 meters, and a more accurate 
method would be uneconomic; and for the occasional location of an isolated hydro- 

graphic signal. (See also 2462.) 
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A sketch of the sextometer rod is shown in figure 13. The rod is 15% feet in length, 
with diamond-shaped targets at both ends, whose centers are exactly 15 feet apart. 
To assist in holding the rod perpendicular to the line of sight from the topographer, 

a projection of light wood about 2 feet long is constructed perpendicular to the rod at 
its center. Sights are put on this so that the rodman can assure himself of the per- 

pendicularity of the rod by holding it horizontally at eye level and sighting at the 
topographer. 

The method of use is as follows: The topographer in a launch or boat plots his traverse on the 

planetable board held on his lap. Beginning at a station of known position, a rodman is sent ahead in 

a skiff to mark the first station. The topographer measures the orientation angle from some distant 

signal to the station ahead, and then measures the distance angle between the targets on the 15-foot 

pole. When its size permits, the distance angle is read on and off the arc and the two values are aver- 

aged to eliminate index correction. The orientation angle is laid off on the planetable sheet by means 

of a metal three-arm protractor and the position of the station ahead is pricked on this line at the 
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FIGURE 13.—Sextometer rod. 

distance obtained by the hypsograph. All orientation and distance angles shall be recorded in order 

that the graphic traverse may be checked at a future convenient time. 

By locating the stations on alternate sides of the waterway, and keeping the dis- 
tances between stations less than 400 meters, an accuracy closely approaching that 

obtainable by planetable can be obtained for short distances not exceeding a mile or two. 
A check should be obtained, where possible, by tying in the end of the traverse to 
established control stations. Hydrographic signals can be located along the course of 
the river or stream as desired. 

The horizontal angles subtended by the rod may be converted into distances very simply by the use of a hypsograph, or they 

may be computed from the formula: 

pee Hs. D’=, cot 5 

in which D’=the computed distance in meters; L=the fixed length in meters between the two targets on the pole; and ©=the observed 

sextant angle. 2 
A small correction, always subtractive for small angles, must be applied to the computed sextometer distances owing to the fact 

that the vertex of the small angle measured by the sextant is actually back of the eyepiece of the telescope. The smaller the angle, 

the larger is the correction. This correction is dependent on the constants of the sextant used and is computed from the formula: 

a sin (8+0) 

sin 8 

in which Ad=the correction in meters; a=the distance in meters between the reflecting surfaces of the two sextant mirrors; b=the 

distance in meters between the horizon mirror and the eyepiece of the telescope; 6=the fixed angle between the line of sight through 

the telescope and the line joining the two mirrors; and @=the observed sextant angle. 

For a standard Coast and Geodetic Survey navigating sextant, a=0.11 meters; b=0.20 meters; and B=30°. Table 4 gives the 

computed corrections for such a sextant for values of © from 0° to 10°. From these the intermediate corrections may be interpolated 

with sufficient accuracy. ‘The table also gives the corresponding hypsograph sextometer distances and the corrected distances for a 

target interval of 15feet. It is to be noted that the correction is very nearly proportional to the distance, being in this case approxi- 

mately 1.2 meters per 100 meters of distance. For distances between targets other than 15 feet, a new table of hypsograph and 

corrected distances must be prepared. 
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TABLE 4. Corrections to sextometer distances 

[This table gives the corrections to sextometer distances for a standard Coast and Geodetic Survey navigating sextant, and the 
corrected distances for a sextometer rod with 15-foot spaced targets. All distances are in meters.] 

angio | cometion | Hypsoraph | Correctez || ange | conrgtion | Hyper | Gorete 
D! D D' D 

O2OO% |S aeee Ase ee ee ee ee 1°30’ 2. 00 174. 6 L256 
0 20 9. 35 785. 9 776. 6 1 40 ibs 7/89) Lome 2 155. 4 
0 25 7. 46 628. 7 621. 2 1 50 1. 61 142. 9 141.3 
0 30 6. 20 523. 9 IZ, 2 2 00 1. 47 Heitls 129. 5 
0 35 5. 30 449. 1 443. 8 2 20 1. 24 112. 3 WV a 
0 40 4, 62 392. 9 388. 3 2 40 1. 08 98. 2 i at 
0 45 4.10 349. 3 345. 2 3 00 0. 94 87. 3 86. 4 
0 50 3. 68 314. 4 310. 7 330 . 79 74.8 74. 0 
0 55 3. 33 285. 8 282. 5 4 00 . 68 65. 4 64. 7 
1 00 3. 04 262. 0 259. 0 5 00 SOY 52. 4 51.9 
1 10 2. 60 224. 5 221.9 10 00 4 oA 25. 9 4A Vi 
120) 2. 26 196. 5 194. 2 

239. Arr PHOTOGRAPHIC SURVEYS 

Air photographs are replacing the planetable as the most efficient means of topo- 
graphic mapping. The displacements and distortions, which at first limited the use 

of air photographs to revision of former accurate ground surveys and to the addition 
of inaccessible detail, have been gradually eliminated by improvements in materials, 
instruments, and methods. In addition to yielding more complete information at 
lower costs, modern air photographic surveys now give fully as accurate results with 
no more control than that required for the planetable. In the Coast and Geodetic 
Survey, a nine-lens air camera has been developed which gives the high accuracy 

needed for the location of hydrographic signals with one-half to one-fourth the geodetic 
control needed for the planetable. The nine-lens composite photographs are 35.4 
inches square or 11.2 miles square on a 1:20,000 scale. Each photograph includes 

an area of 125 square miles at this scale, from 4 to 20 times as much as a single-lens 

photograph. 
2391. Air Photographs in Mapping 

Photographs record directions from the position at which they are exposed. A 
perfectly vertical photograph of perfectly flat land would give map positions directly, 
but the two conditions are practically never attainable. In a perfectly vertical photo- 
graph of land that is not level, only the points vertically below the camera and points 
in the datum plane will appear in their true map positions (fig. 14). All other points 
will be displaced radially from the point vertically beneath the lens by distances pro- 
portional to their elevations and distances from the plumb point (fig. 15). Note that 
the trace of the direction from the lens to the object on the plane of the photograph 
is a line radiating from the principal point. The principal point is the foot of a per- 

pendicular from the rear node of the lens to the plane of the photograph. It is usually 
marked by a small cross near the center of the photograph or may be found at the inter- 
section of straight lines connecting marks at the middle of the sides or near the corners 
of the photograph. If the photograph is taken when the camera axis is not vertical, | 
the angles between the radial lines will not be exact; but if the axis is within a degree 
of the vertical and the elevation differences do not exceed 5 percent of the altitude of 
the camera, radial lines to control points may be used as a multiple-arm protractor for 

plotting without graphically appreciable error, the center of the photograph on a 
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' FigurE 14.—Displacements on air photograph due to relief. 
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FIGURE 15.—Radial displacement of elevated objects on air photograph. (Note that straight roads passing over hill appear straight 

when radial but curved when not radial.) 
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map containing the control points. Radial lines to other objects on the photographs 
may then be used as cuts, intersecting other lines through identical points on overlapping 
photographs to give true map positions. 

In the radial-line method of mapping, the radial lines are traced on celluloid 

templets. These templets are then adjusted to the ground control stations on a base 
sheet containing the usual polyconic projection, the radial lines forming a graphic 
triangulation. Important detail such as control stations for the hydrographic survey, 
buildings, and road crossings are located by the intersections of their respective radials 
in the plot. Less important detail is adjusted to position between the intersected 
points by simple proportion, as when transferring detail between map projéctions 

which differ slightly in scale. Care is taken to locate by intersection a sufficient num- 
ber of points at the changes in slope, so that the correct position of the less important 

detail will be a simple proportion of the distances between the positions on the map 
obtained by radial intersection and the distances between the corresponding points 
on the photograph. 3 

Probably about 80 percent of the photographs taken for mapping fall within the 
limits of tilt and relief to permit the use of radial lines for graphic plotting without 

correction. For shoreline and for stations only a short distance above it, the radial 
lines will be graphically correct for probably 98 percent of mapping photographs, 

even for tilts of the camera axis up to 3°. An excessively tilted photograph may be 

recognized by the displacement of images away from its principal point on one side 
and toward it on the opposite side, as shown by a radial plot or comparison with over- 

lapping photographs. Space is not available in this Manual for a discussion of correc- 
tions to radial lines for tilt and relief, or the plotting from oblique photographs. A 
good text on photogrammetry should be consulted for the method of making such 
corrections and for descriptions of the many ingenious machines and methods of 

mapping from photographs (see 9533). 

2392. Planimetric Maps 

Most of the air photographic surveying of the Coast and Geodetic Survey has 

been done in coastal areas of low relief where simple graphic radial-line methods are 
efficient. The maps compiled have been planimetric only, that is without heights or 
contours determined from the photographs. The maps show the shoreline and objects 

visible from the water in full detail, usually on the same scale as the hydrographic 
surveys of the adjacent waters. Roads, railroads, important public buildings, and 
other detail for a short distance inshore are also shown. The compilations are made 

on cellulose acetate at the average scale of the photographs, and are then reproduced at 

standard scale and printed by photolithography. 
When practicable to make the field inspection of the photographs and compile the 

maps in advance of the hydrography, special prints of the maps are made for the hydro- 

graphic party to use for boat sheets and smooth sheets (see 733). Identifiable objects 
suitable for hydrographic signals and identifiable locations at which hydrographic 
signals may be built are marked on the photographs during the field inspection and 

located by intersection in the radial plot. The positions so obtained are indicated by 

black circles (2.5 mm in diameter) on the printed maps furnished to the hydrographic 
party. The limits of shoals and channels which appear in the photographs are indi- 
cated by fine dash lines. Much that is irrelevant to the hydrographic survey, such 
as names and notes in water areas on the printed maps, is deleted during reproduction 

of the copies for hydrographic use. Generally the boat and smooth sheets made from 
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air photographic surveys will be accompanied by ozalid prints (see 7332) containing 

descriptions of the marks and other data for the location on the ground of the hydro- 
graphic signal sites selected by the air photographic party. Prints of the air photo- 
graphs for field use will also be furnished. (See also 733.) 

When special conditions require that boat sheets be made by the hydrographic 
party in the field, copies of any photographic surveys available will be furnished with 
other survey data from the Office. 

2393. Additional Cantl Stations 

The number of stations for hydrographic signals located by the air photographic 
surveys made in advance of the hydrography will vary from practically all that are 
needed, where plenty of objects of an enduring nature are identifiable on the photo- 
graphs, as on irregular rocky coasts or in the vicinity of city harbors, to relatively few 
on straight sand beaches with only featureless detail. Where suitable locations are 
clearly identifiable at the time the photographs are inspected in the field but are subject 
to change before the construction of the hydrographic signals, inexpensive concrete 
marks or stakes will be set by the field inspection party to facilitate exact recovery of 
the points selected for stations in the photographic plot. 

In general, approximately 75 percent of the stations required for hydrographic 

signals will be located by the radial plot of the air photographic survey. Additional 
stations must be located by the hydrographic party to supplement these, in order to 
have sufficient control for the hydrographic survey. Usually these additional stations 
wil not be far from the stations located by the radial plot, and the latter may be used 
as control or starting points from which to locate the former. Since each additional 
station ordinarily will be located independently of the others and there are no accumu- 
lative errors, unconventional methods will frequently suffice to give sufficiently accurate 

locations. The methods which may. be used to locate additional control and the 

symbols to be shown on the hydrographic sheets for each method are as follows: 

(a) Conventional geodetic methods, usually traverse, starting from stations whose positions have 

been determined by computations, from which the latitude and longitude of the new station can be 

computed and the position plotted by means of dms. and dps. (see 7411). Stations so located are 

symbolized on the boat and smooth sheets by triangles in red ink (see 748) if they are of third-order 

accuracy and by red ink circles, 3 mm in diameter, if of lower accuracy. 

(b) Planetable traverse, starting af a station located by the radial plot and closing at another 

similarly located station; or single stadia rod readings from a station located by the radial plot, in 

which case a closed traverse is not required, but the stadia distance in meters and the azimuth line 

shall be shown in ink on the boat sheet. All stations located by planetable traverse shall be symbolized 

by red circles, 3 mm in diameter, on the boat and smooth sheets. 

(c) Graphic planetable triangulation, using stations located by the radial plot for control. The 

lines of such triangulation must be kept as short as possible. Stations so located shall be symbolized 

by red circles on the boat and smooth sheets as in (6). 

(d) Sextant cuts observed at stations located by the radial plot. There shall be at least three 

cuts to each new station, two of which intersect at an angle of not less than 60°, in order to obtain a 

strong intersection and a check of the position of each new station. The orientation station used for 

each cut should be as distant as practicable, preferably twice as far away as the station being located. 

Stations so located shall be symbolized by red circles on the boat and smooth sheets as in (b). 

(e) Sextant cuts observed simultaneously with three-point sextant fixes from stationary launches, 

using stations located by the radial plot for control, the new station being determined by three or more 

well-intersecting cuts. Stations so located shall be symbolized by circles, 3 mm in diameter, in blue 

ink on the boat and smooth sheets. 
(f) Combination of methods such as one sextant cut for azimuth, and distance measured by tape, 

stadia, etc. Stations so located shall be symbolized by blue circles on the boat and smooth sheets 

as in (e). 
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(g) The sextometer method (see 2382), where the distance to be measured from the station located 

by the radial plot does not exceed 250 meters. The distance and azimuth shall be shown on the boat 

sheet as in method (b). Stations so located shall be symbolized by blue circles on the boat and smooth 

sheets as in (e). p 
2394. Supplemental Stations 

Infrequently and in extraordinary circumstances, the hydrographer will require 
supplemental stations which he is not prepared to locate by one of the methods listed 

in 2393. These can sometimes be selected from, or located by reference to, the map 
or photographic detail as described here. All stations so located shall be symbolized 
by circles, 3 mm in diameter, in green ink on the boat and smooth sheets. 

A. SELECTED FROM MAP DETAIL 

If necessary, points on the planimetric map or boat sheet, which have not been 
indicated by circles but which are well-defined detail, such as small buildings, dock 
corners, sharp rocky points, and forks of streams may be used as hydrographic signals. 

Supplemental stations may be located by reference measurements to such detail, if 
the objects themselves are not convenient for use as signals or as sites for the erection 
of signals. Since some of the objects may have been located by proportional adjust- 
ment rather than by intersection when the map was compiled, signal location from 
such detail must be avoided whenever practicable. 

B. LOCATED FROM PHOTOGRAPHIC DETAIL 

If the photographs are available in the field and are of recent date, photographic 
detail may be identified on the ground at, or near, which signals may be built. Such 
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FIGURE 16.—Method of adjusted distances, FIGURE 17.—Paper-strip method. 

detail may include small detached rocks, ends and forks of small sloughs, intersections 
of fences or ditches, small clumps of brush, sharp or distinctive points of land or 
vegetation, and other ground detail which can be located on the photographs within 0.3 
to 9.4 mm. 
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After the selected. point on the photograph has been pricked, its position may be 
transferred to the printed boat sheet by one of the following methods: 

(1) Method of adjusted distances.—Select two pairs of points, all four of which can be positively identified on the photograph ana 

the printed boat sheet. The lines connecting each pair should intersect approximately at right angles and fairly close to the new 

station (see fig. 16). The points themselves should be not far from the station and should be in the same plane (not necessarily level) 

with it. Measure 4B and CD on both the photograph and the printed map in order to establish two proportional relationships. 

- Next measure AX on the photograph, correct the measured distance for the relationship in that direction and swing an arc on the 

printed map. Then repeat the procedure for CX and the intersection of the arcs on the boat sheet will be the location of the new 

station. Check by arcs from points B and D and adjust proportionally to distance. 

(2) Paper-strip method.—This method is especially useful for low oblique photographs or photographs whose scales differ consider- 

ably from the hydrographic sheet. Select four known points (as A, B, C, and D, fig. 17) which ean be positively identified on both 

the photograph and the map or hydrographic sheet, and which are nearly in the same plane (not necessarily level) with the new sta- 

tion. Weight down a paper strip at a convenient place across the photograph, and with a straightedge mark on the edge of the paper 

strip where radiating lines from one of the known points (as A), passing through the other known points and through the new station, 

meet the edge of the paper strip (ab, ac, ad, ar). Then draw lines from point A on the map or sheet through the other known points 

B, C, and D, continuing them a short distance beyond each point (see fig. 17). Next place the paper strip on the map or sheet and 

adjust it in position so that the marks on its edge coincide with the corresponding lines on the map or sheet. With the strip in this 

position draw a line on the map passing through the mark on the paper strip corresponding to the new station (as AX). Repeat this 

procedure using other known points as origins (as B, C, and D, and making marks ba, be, bd, bz, etc.), thus locating the new station 

by intersection. 

(3) Radial-line method.—If overlapping vertical photographs are available and a considerable number of points are to be located, 

a supplemental radial plot should be made. A piece of tracing paper is placed over one of the photographs and fine lines are drawn 

radiating from the center (principal point) of the photograph through the images of points shown on the sheet and through the new 

stations whose locations are desired. The tracing is then oriented on the sheet by moving it about until the radial lines corresponding 

to the known points pass through them. The radial lines to objects whose positions are desired are then transferred to the sheet. This 

procedure is repeated using the other overlapping photographs. The intersection of the lines to each object, radiating from the centers 

of the several photographs, is the new position desired. 

(4) Range method.—It should be kept in mind that any perspective of a straight line is a straight line. Any three objects which are 

in line with each other in nature (not necessarily at the same height) should be in line on any photograph whether vertical or oblique, 

and on any map projection used for surveying. Full use of this principle to locate stations or check the accuracy of the surveys should 

be made whenever practicable. 

2395. Graphic Control Survey 

If photographic survey data are not available, or if temporary marks for the hydro- 
graphic signals are missing throughout an extensive area, a graphic control survey by 
planetable (see 237) may be necessary to locate signals for the hydrography. If the 
project instructions do not specify the amount of shoreline or other topographic detail 
to be mapped under such conditions, supplemental instructions should be requested. 

24. SHORE HYDROGRAPHIC STATIONS 

A hydrographic station is a definite point on the surface of the earth whose geo- 
graphic position has been determined by methods ordinarily used only in hydrographic 
surveys and with an accuracy less than third-order and often less than that of a topo- 
graphic station. Hydrographic stations on shore are generally located by sextant 
observations. 

241. GENERAL STATEMENT 

The shore stations used to control a hydrographic survey are ordinarily located 
by triangulation and topography. One of the purposes of the topographic survey 

along the coast is to locate the control for the inshore hydrographic survey. It is only 

occasionally to supplement this control located by triangulation and topography that 
the hydrographer needs to determine the positions of stations by hydrographic methods. 

From the hydrographer’s offshore viewpoint a natural or artificial object unnoticed 
by the topographer may appear particularly desirable for use in controlling the hydro- 
graphic survey, and if the topographic survey has been completed it is only by hydro- 
graphic methods that its position can be conveniently determined for such use. 

In general, hydrographic stations shall not be used as control from which to deter- 
mine the positions of other hydrographic stations. 
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Stations located by hydrographic methods shall be symbolized on the boat and 
smooth sheets by circles in blue ink, 3 mm in diameter. 

If a hydrographic station, during or after use as control for the hydrographic 
survey, is relocated by geodetic or topographic methods it shall be symbolized on the 
smooth sheet according to the latter more accurate method of location, and so listed 
in the Sounding Record (see 2154). Its symbol on the boat sheet need not be changed, 
but an appropriate note should be made in the Sounding Record or notebook where 

the cuts obtained by the hydrographic party were recorded that these data have been 

superseded. 
242. FREQUENCY OF STATIONS : 

A sufficient number of hydrographic signals is required so that the hydrographer 

may determine the position of his vessel at any point in the area of the survey with 

sufficient accuracy for purposes of charting on the largest-scale published chart and with 

sufficient accuracy to control the development of any shoals in the area as closely as 

may be required. 
The number of hydrographic stations which may be required depends entirely on 

the deficiencies in the topographic surveys. If the topographer has provided the 
control for the inshore hydrography from the viewpoint of the hydrographer and the 
hydrographic survey follows immediately, the hydrographer should have to locate 

few, if any, stations. 
243. MrtTHops oF LOCATION 

The sextant is the instrument commonly used by a hydrographic party to deter- 

mine positions and there are three general methods in which this instrument is used 

to locate hydrographic stations. 
Combinations of the methods may be used, of course, when this can be done to 

advantage and will result in greater accuracy than would be attained by the use of one 

method alone. 
Many of the methods described in section 23, Topography, may also be used 

by hydrographers, the stations being classified according to the methods used. Refer 

particularly to the methods listed in 238 and 2393. 
Shore hydrographic stations shall be located by other methods only in emergencies 

and as a last resort, when it is impossible to utilize one of the prescribed methods. Sta- 
tions so located must be kept at a minimum and an effort should be made to locate them 

subsequently by some more accurate method. For each statjon so located the method 
used shall be described and the circumstances explained. 

2431. Three-Point Fix at Station 

The observer occupies the new station and, with a sextant, measures angles be- 

tween control stations that will provide a strong three-point fix at the new station. 
Two angles measured between three control stations appropriately located with refer- 

ence to the new station (see 333) will provide the data for the fix. A check angle should 
always be measured to a fourth station. A navigating sextant should be used for 

this purpose and wherever practicable the angles should be observed to triangula- 

tion stations. 
The position of the new station can then be plotted on the boat and smooth sheets 

by means of a three-arm protractor, or may be computed by the three-point problem 
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if such accuracy is warranted or if there is much distortion in the boat or smooth sheet. 
The three-point problem may be computed on Form 655; the method is described in 
detail on pages 98 to 100 in Special Publication No. 145 (see also 2285). 

2432. Station Cut In From Vessel 

The method which is most convenient and which is normally used by the hydro- 
graphic party is to fix successive positions of the vessel by three-point sextant fixes, 
from each of which a simultaneous sextant cut is measured from a control station to 
the new station. The vessel should be stationary at each three-point fix and preferably 

at anchor. Accurate results cannot be obtained from a vessel underway. The repeti- 
tion of each set of observations at a ship station serves as a check on the accuracy and, 
if the angles observed are interchanged among the observers, serves to verify the 
identification of the objects. . 

To measure the necessary sextant angles simultaneously, at least three observers 
are required; two to measure the angles of the fix, and the other to measure the angle 
from one of the control stations to the new station or object to be located. The ship 
or launch positions must be carefully selected so that strong fixes can be obtained and 

so that the cuts will give a good intersection at the new station. A minimum of three 

cuts is required, which may be considered sufficient if they intersect in a point when 
plotted graphically. Additional cuts are desirable. The more nearly the best cuts 

approach an intersection of 90° the stronger theoretically will be the location of the 
station, other intermediate cuts serving as checks. 

2433. Station Cut In From Shore Stations 

A third method which may be used is to occupy three or more control stations 

with a sextant, observing at each an angle from another control station to the new 

station. The occupied stations should be selected to provide intersections at the new 
stations as required in 2432. 

244. AccURACY OF LOCATION 

Hydrographic stations located for the control of inshore hydrographic surveys 
shall be located with an accuracy approaching that required for stations located by 

topography, since in effect they are to supply deficiencies in the topographic control. 
For hydrographic stations to be used in controlling the offshore hydrography, a lesser 
accuracy may be tolerated. In addition to any other requirements, control stations 

located by any methods whatsoever should be of such an accuracy that no appreciable 
errors will be projected into the positions of the soundings at the scale on which the 

work is protracted. 
While engaged in sounding, the hydrographer shall watch particularly for any dis- 

crepancies in successive positions caused by changes of fix. If such are detected an 

immediate effort must be made to determine whether or not they are caused by errors 
in the positions of one or more of the signals used and, if so, to determine which signals. 
The facts shall be reported immediately to the Chief of Party who shall take such steps 
as are practicable to verify the locations and relocate such signals as are necessary. 
If the questionable stations were located from a planetable traverse between control 
stations, the entire traverse shall be rerun (see 232). 
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245. STATION MARKS AND DESCRIPTIONS 

Stations located by hydrographic methods shall ordinarily not be permanently 
marked, but if the frequency of the marked topographic stations is not sufficient for 
the requirements of 235, selected hydrographic stations may be marked to supply the 
deficiency where they are located by methods complying with the requirements for 
topographic stations. Such stations shall be marked with topographic station marks 
and be described on Form 524 just as if they were topographic stations (see 235 and 

2351). 

246. HyprROGRAPHIC STATIONS IN INACCESSIBLE PLACES 

The framework of a hydrographic survey must be provided by triangulation and 
usually the control stations for the sounding are accurately located by the topographer, 
but occasionally the configuration and the character of the coastline prevent the 
topographic party from landing or traversing along the shore, or from it the main control 
stations cannot be seen. Under such conditions along unimportant shorelines or 
waterways the control may often have to be located by less accurate means. The 
ingenuity of the experienced topographer or the hydrographer will practically always 
discover a means of locating the control stations needed in such areas by methods 
sufficiently accurate for the purpose. 

Under this heading a few unconventional methods which have been successfully 
used in the past are described or mentioned merely as a guide to what may be accom- 
plished under such circumstances. The list is not intended to be complete. Such 
methods should be used only as a last resort. 

2461. Stations on a Precipitous Shore 

Occasionally a stretch of inaccessible shoreline at the base of steep cliffs is encoun- 

tered which presents a special problem to the surveyor, especially on open coasts. It 
is frequently impossible to make landings from small boats at such places or to traverse 

the shoreline or to see the main control stations from the shore. 
In such cases small boats, in periods of flat calm, can generally be maneuvered 

close enough to the base of the cliffs to place whitewash marks on them by the use of a 

spray gun or by hurling glass bottles filled with whitewash against the cliffs, which, on 

breaking, leave the spot whitewashed. The whitewashing should be done at high tide 
and every effort should be made to place the signals on the cliffs as high above the high- 
water line as possible in order to prevent their being washed away by the seas before 

they have been used. 
When it is impracticable even to place whitewashes as described above, it is 

often possible to identify natural objects such as rocks, discolored spots on the cliffs, 
clumps of bushes, or trees which will serve for signals in lieu of anything more definite. . 

The whitewashes or natural objects are then cut in by the method described in 
2432. Figure 18 illustrates such a condition and the method used. 

Another method of establishing control for the inshore hydrography along an 

inaccessible coast, provided the depths are not too great, is to anchor a series of buoys 
comparatively close inshore. These are located in the same manner described above: 

for locating the shore stations. This method is described in 2551. 
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a 
FIGURE 18.—Sextant location of stations along a precipitous shore. 

In the figure, the three triangulation stations X, Y, and Z were established from landward and cannot be seen from the shore 

immediately below, although they are visible from the water area a short distance offshore. After whitewashes have been placed or 

other objects selected along the shore, represented by points A to H inclusive, the survey vessel occupies successive ship stations, indi- 

cated on the sketch by 1 to 5 inclusive, which are located by three-point fixes observed to the triangulation stations X, Y, and Z. 

The vessel should preferably be anchored at each station. (See 2432.) As each successive ship station is located, simultaneous sextant 

angles are observed to the new stations along the beach. The angles should be measured from an initial station so located that they 

will be nearly horizontal, and if any of them are inclined appreciably they should be corrected according to 3338. 

If the topography of the shoreline along such a coast cannot be surveyed in any 
other manner, it may be sketched with reference to the whitewashes or the buoys from 
a launch or small boat using a sextant to cut in other points. 

2462. Control in Narrow Unimportant Waterways 

It is frequently impracticable to locate control by conventional methods up 
narrow unimportant sloughs or creeks, especially where the shores of these are fringed 

by mangroves or other vegetation which prevents landing on them. Waterways with 
sufficient depth of water, or important enough to be useful in navigation, require accurate 
detailed surveys and the control in them must be established by conventional methods 
regardless of effort or cost. In sloughs through mangroves or in swamps or minor 

tributaries less than 200 meters in width, where the depth of water is trivial and there 
is no known navigation of importance, less accurate methods can be tolerated where 

control by more conventional methods cannot be established economically. If the 
vegetation on the banks is not too tall it is frequently possible to control the hydro- 
graphic survey from a few accurately located points at some distance from the shore, 

by observations made over the vegetation without the necessity of having control 
points on the shores themselves. Where the waterway is shut in by trees or other 
vegetation on both banks so that nothing beyond them can be seen, an awkward problem 
is presented. One method of locating the control is the sextometer method, described 
in 2382. 

If the waterway is short and not too narrow the control may be located by a sex- 
tant triangulation up the stream. It is rarely possible in such cases to arrange well- 
conditioned figures and the surveyor must frequently resort to the use of single triangles, 
often without adequate checks. The signals to be used for control should be built 
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first. They usually consist merely of small banners tied on the branches of trees or 
mangroves at points and other places where good views are obtained, and so arranged to 
form the best figures. In executing the sextant triangulation all triangles should be 
closed by the observation of all three angles and adjusted for closure. Navigating 
sextants should be used, but closing errors of several minutes may be expected. If at 
all practicable the sextant triangulation at its farther end should be joined to control 
points located by more accurate methods to determine the closing error and provide 
for an adjustment of the scheme. A geodetic computation of such a scheme is usually 
unwarranted, but to obtain sufficient accuracy it should be plotted on an aluminum 
sheet and at a scale several times larger than that of the hydrographic survey of the 
area. 

Sextant triangulation may be advantageously combined with the sextometer 
method or with distance measurements with a floating calibrated wire, described in 

2381. In any case, advantage should be taken of long vistas to observe directions to 
stations as far ahead as possible. These will strengthen the azimuth of the scheme 
appreciably. 

247. NaTuRAL Osjects LocaTED FROM THE VESSEL 

The offshore distance to which hydrography can be controlled visually depends 
directly on the elevations of mountain peaks, hillocks, and other natural and artificial 

objects visible from offshore, and the number of these which are located for use as control. 
The positions of some of these are determined by triangulation and by topographic 

methods, but since the perspective is entirely different when viewed from seaward a 
number of definite points, excellent for use as hydrographic stations, generally remain 
unlocated. During combined operations the hydrographic party frequently detects 
these in time to have them located by the topographer or the triangulation party, but 
when these parties have completed their operations in the area the only recourse, if 

they are to be available as hydrographic signals, is to locate them by hydrographic 
methods. 

They are usually located from the ship by sextant cuts by the method described ° 
in 2432. Vertical angles to any peaks or hillocks should be observed at each position 
at which cuts to them are observed. The elevations computed from the vertical 
angles serve to verify that the cuts have been taken to the same object. (See 382.) 

Since many of the objects useful in controlling offshore hydrography are only 
visible at a considerable distance offshore, proper identification is one of the important 
problems of location. Each object should be thoroughly described at the time of the 
first cut, and a perspective sketch made of the object and its surroundings for use in 
identification at the time of future cuts. When cuts are taken for the location of natural 
objects the vessel should be brought to a full stop in the water and anchored if practi- 
cable. After the vessel has swung to her anchor a number of cuts can be obtained to be 
plotted or computed from the same fix if they are taken in rapid succession. Each 
fix should be verified after the cuts have been taken to ensure that the angles have not 
changed appreciably. When the vessel is stopped but not anchored, as many observers 
as practicable should be used so that the angles of the fix and the cuts may be taken 
simultaneously. At each stop several fixed positions may be required where a num- 
ber of cuts is to be taken. A check angle should be taken at each position. It is 
important that the cut be referenced to a control station close to the object, if available; 

the fix itself need not necessarily include this control station. 
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If some of the cuts are taken from positions comparatively close inshore, considerable 
care must be exercised to avoid mistaking shoulders of hills for the hilltops. At the 
angle from which these are observed a shoulder projecting seaward frequently resembles 
a hilltop. Hills and peaks located for use as control for the hydrography should be 
located from the area in which they are to be used; or if greater accuracy of position 

can be obtained closer inshore, each of the objects should be viewed from various 
directions throughout the offshore as well as the inshore area to ensure that the top is 

being viewed from both areas. 
Rounded indefinite hilltops should rarely be used as control in hydrographic sur- 

veys, but in lieu of better objects they may be used with sufficient accuracy in the off- 
shore area or when combined with two much nearer control stations (see 3336ca). 

In addition to peaks and hilltops other natural objects not noticeable to the topog- 
rapher along the beach frequently show up very distinctly from considerable distances 

offshore. Among these are waterfalls, rock slides, scars on hillsides which have been 
denuded of trecs, and discolored spots on cliffs. In populated areas most artificial 
objects useful as hydrographic stations, such as water tanks, stacks, and conspicuous 
buildings, will have been located by the topographer. But occasionally there are 
buildings, lone trees, or clumps of trees, etc., which do not appear distinctive from the 

topographer’s nearer viewpoint but which make excellent hydrographic stations for 

offshore use. 
248. RECORDS 

All observed data for locating hydrographic stations shall be recorded in a clear 
and understandable manner with copious explanatory notes, because these data must 

be used to plot the stations on the smooth sheet by personnel who probably were not 

present during the field work. 
When a number of such stations is located during a hydrographic survey the data 

shall be recorded in a separate sounding volume or notebook apart from the hydrog- 
raphy. When only a few such stations are located the data may be recorded in the 
regular Sounding Record, as observed in connection with the hydrographic survey. 

In case a separate sounding volume or notebook is used, it should be numbered 
as one of the sounding volumes of the hydrographic survey and forwarded as part of the 
records of that survey (see 8321). 

When the data are interspersed through the Sounding Records, an index of the 
stations shall be provided on page 2 of volume No. 1, with references to the volume 
and page numbers on which are recorded all the data for the location of any given 
station. When the data are recorded in a separate volume or notebook the index 
shall be in the front of this. 

The cuts should be recorded immediately after the three-point fix position at which 

they are taken. Each new station to which cuts are taken should be referred to by 
name in the records and at one place in the records each such station should be 

described. If itis a natural object the description should be complete enough to ensure 
its identification during the survey and at future dates. 

Recoverable stations shall be described on Form 524 (see 2351). 

25. CONTROL BUOYS 

A system of accurately located buoys on which three-point fixes can be observed, 

or to which distances can be measured by radio acoustic methods, furnishes the most 

economic means of extending accurate hydrographic surveys beyond the limit of 
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visibility of shore control, or of developing shoal areas out of sight of land. This type 
of control has increased in importance with the need for carrying surveys farther and 
farther offshore, and with the necessity for controlling such surveys more accurately 

than was possible by dead reckoning or astronomic methods. Until recently the areas 

in which buoy-controlled surveys were practicable were limited by the necessity of 
anchoring buoys in comparatively shoal depths. The Coast and Geodetic Survey 

has recently adapted ground tackle equipment for use in deep water. With it buoys 
have been anchored in depths as great as 1,300 fathoms and the same equipment can 
probably be used in depths of 2,000 fathoms. (See 2834.) 

In areas of comparatively shoal depths, in which dangers to navigation may exist, 

a thorough hydrographic development is necessary. In such areas the survey is best 
controlled by sextant fixes for position determination. Such surveys must be extended 
a considerable distance offshore along much of the Atlantic Coast and even more 
extensively in the Gulf of Mexico. In these areas the approved practice is to control 
the hydrography as far offshore as practicable by sextant fixes on shore objects, and 
then to establish a system of buoys to which sextant angles are observed to control the 
remainder of the required survey. 

Offshore surveys in areas of moderate depth, beyond the visibility of shore stations 
or where the development does not require sextant fixes on survey buoys, are controlled 
by R.A.R. methods or accurate dead reckoning or a combination of the two. A system 
of buoys may be used in each case to provide greater accuracy and to coordinate the 

survey as a whole. The buoys may be sono-radio buoys or survey buoys, or both, at 
stations of known position and at which the dead-reckoning lines are started and 

ended. Frequently shoals, small or extensive in area, are found far offshore on which 

close development is required in order to determine the least depths. If the area is 
extensive, a system of buoys is required to provide the control. If the shoal is small, 
a single buoy located near its center will suffice if bearings to it can be obtained from 
any part of the area. If R.A.R. methods can be used, distances obtained from a sono- 
radio buoy near the;center of the shoal, combined with visual bearings, provide an 
excellent method of developing the area. Short distances to a buoy may be determined 
from depression angles observed to the waterline of the buoy, provided the height of 
eye of the observer is appreciable and accurately known (see 3362). 

Other uses of buoys are to extend or supplement shore control. A buoy traverse 
may be used to carry control along an inaccessible coast where triangulation is imprac- 
ticable. Buoys may be used to furnish control for inshore hydrographic surveys along 

a coast where it is impossible to make landings to build and locate shore stations. 
Also a buoy traverse may be used to extend control across a body of water to an island 
or shoal area to which it cannot be extended by conventional land methods. 

In the establishment of the various systems of buoy control there are many details 
which are common to several, and to avoid repetition this section treats first of the 
most simple case, the location of a single buoy, and expands to the most complex, the 
location of an extensive buoy system by traverse and acoustic distances. 

Any system of buoys used for the control of offshore hydrography beyond the 
visibility of shore stations must be connected with established shore control or located 
by astronomic observations. A buoy station within the visibility of shore stations 

may be located almost as accurately as a shore station by various combinations of 
sextant angles and azimuths. There are various methods of locating a station beyond 

the visibility of shore stations, the accuracy attained being dependent on the method 
and instrumental equipment used. The method selected to locate any offshore buoy 
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station will be dictated by the equipment available, the type of survey, and the de- 
sired accuracy of position. In the survey of an offshore area of deep water, a lesser 

accuracy of location may be tolerated than would be acceptable for a survey of an area 
of relatively shoal water which may contain dangers to navigation. One should always 
seek to attain the maximum practicable accuracy of position regardless of the 

method selected to locate control—judgment and care should be exercised in executing 
all phases of the procedure. 

The choice of a method of location is Soret by the following factors: (a) Avail- 
ability of existing shore control, (b) depth of water to anchor the buoy, (c) purpose or 
use of the station, (d) availability of instrumental equipment, and (e) accuracy desired. 
Irrespective of the method chosen, buoy stations should be selected at positions relative 
to the shore stations from which they are to be located so that a maximum strength of 
location will result, taking into consideration the safety of the survey vessel while 
anchoring and sea aine the buoy. 

The position of a buoy station may be determined from the observed data by 
graphic methods or by computations. In general, graphic methods furnish the required 
accuracy for small buoy-control systems, provided accurate methods are used, but it is 
frequently more desirable and easier to compute positions in the larger systems, par- 
ticularly in those extending a considerable distance offshore. 

The relative advantage of each method of determining positions of buoy stations is 
discussed in the descriptions of the various methods in 251, 252, and 253. These need 

not be considered to exclude other methods which might be used or combinations of 

various methods which may be employed. They are listed in the approximate order of 
probable accuracy of the resulting position, with the most accurate method first. It so 
happens that this corresponds in general to the order of simplicity of location and the 
facility with which the final position is obtained. 

251. SEXTANT LOCATION OF A SINGLE Buoy 

Sextant angles may be used in numerous ways to locate survey buoys and a few of 
the more common methods are described under the following headings. Sextant angles 
may also be combined with other observations in locating survey buoys, a few of the 
methods being described in 252 and 253. It is good practice to repeat all observations, 
particularly sextant angles, as a check, and it should be understood that this is required, 
wherever practicable, although it is not specifically mentioned in each instance. In 
repeating observations, the interchange of angles among the observers is a good practice 
to ensure the identification of the objects. 

For most precise results all sextant angles should be observed at, or vertically above, 
the position desired. Manifestly this is often impracticable, but where the observations 
are made at an eccentric location, the eccentric distance and direction should be noted. 

In locating buoys by sextant, each series of angles should be observed simultane- 
ously and, where practicable, the horizon should be closed. Theoretically all of the 

angles should be observed from the same point, but practically this is not feasible 
from a ship’s bridge. Generally the several observers will station themselves around 

the peripkery of the bridge where nothing will interfere with their view. The result 
is that the sum of the angles is greater than 360° by a few minutes, generally 6 or 8. 

Angles measured by sextant are not precise like angles measured by theodolite, 
but certain precautions can be taken to increase their accuracy. Each observer should 
station himself toward his angle from a central point on the bridge, the distances of all 

observers from this point being as nearly equal as practicable. Then when the horizon 
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is closed and adjusted, all corrections will be subtractive. Theoretically the correc- 
tions to the angles, from the horizon closure, should be proportional to the sizes of the 
angles, but such refinement is rarely warranted. 

2511. Three-Point Fix at Buoy Anchor 

To locate the anchor position of a buoy, it is usually preferable to observe the three- 
point fix at the time the buoy is anchored. When this is done, both angles of the three- 
point fix and a check angle to a fourth station should be observed at the rail of the ship 
over the point where the anchor is dropped, and the angles should be marked when the 

anchor is released or when it touches the bottom. 
Depending on the character-of the shore stations and their visibility and distance, 

the added height of the ship’s bridge or crow’s nest may be needed from which to ob- 

serve the shore stations. When angles are measured thus, from a point an appreciable 
horizontal distance away from the anchor position, it is necessary to measure the eccen- 
tric distance and direction between the observers and the point where the anchor is 
released. With this in view, the observers will, when practicable, take a position near 
the ship’s pelorus or gyro repeater on the wing of the bridge or on line between the 
pelorus and the point from which the anchor is released. The bearing between these 
two points is measured simultaneously with the observation of the three-point fix. The 
distance between them is measured to the nearest meter with a steel tape. If there is an 

appreciable difference in elevation between the two points it may be necessary to reduce 
the measured distance to the horizontal. If practicable, the place from which the angles 

are observed should be selected so as to facilitate the measurement of this distance. 
The position of a buoy located by this method may be plotted most easily by the 

hydrographer. If the angles have been taken from a position vertically above the buoy 
anchor and the position is to be located graphically, it is only necessary to plot the 
position with a three-arm protractor on an appropriate sheet. An aluminum or an 

aluminum-mounted sheet with accurate projection should be used for this purpose 
(see 713). When the observations have been made eccentrically, the position may be 
determined by graphic methods or by computations. If the scale of the sheet is suffi- 
ciently large and care is used in plotting, the accuracy of the position determined graphi- 

cally will approach, if not equal, that of a computed position. 
The position may be computed on forms designed for the computation of geodetic 

positions. Natural objects, and structures such as tanks, lighthouses, and building 
cupolas, are often more useful than marked triangulation stations when such three- 
point fixes are required. The geographic position data seldom include all the required 
information for such objects and it is often necessary to make inverse computations 
for azimuths and distances between the stations used. These computations should be 
made on Form 662, Inverse Position Computation, or on Form 27, Position Computa- 
tion, Third-Order Triangulation. After the azimuths and distances between the respec- 
tive stations have been computed, the three-point fix is computed on Form 655, 
Computation of Three-Point Problem. The resulting data are then entered on Form 
25, Computation of Triangles, and the triangles are solved. The actual geographic 
position is computed on Form 27, using the data derived on Forms 662 and 25. Addi- 

tional information relative to buoy-control computations is given in 94. 
To obtain the position of the buoy anchor, when the observations are eccentric, it 

is best to compute the position for the three-point fix and then reduce the latter to the 
anchor position on Form 27, rather than make an eccentric reduction to the observed 
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angles before Form 655 is employed. In this computation the distance and direction 
between the observers and the buoy anchor should be used, but the magnetic, or gyro, 
bearing must be changed to a geodetic azimuth before use. 

2512. Three-Point Fix at Buoy 

Weather conditions frequently prevent the measurement of the angles desired to 
fix the position of a buoy at the time it is anchored, and it is generally not expedient to 

delay the progress of the project by waiting for suitable observing conditions. In such 
circumstances the buoy is anchored at the desired location and the observations are 

made at a later date when observing conditions are favorable. 

When it is practicable to do so, it is desirable to maneuver the ship alongside the 
anchored buoy so that the three-point fix observations may be made at that point. 
This is rarely attempted, except when there is an exceptionally smooth sea and the 

current is slack, because of the danger of damaging the buoy. To effect this maneuver, 

the ship is brought alongside the buoy on the down-current side and the sextant angles 
of the fix and the check angle are observed at the instant the point of observation is 

adjacent to the buoy. On a ship without a bowsprit, the ship may be maneuvered 
until the bow almost touches the buoy, even in rough weather. The sextant fix is 

observed and the ship backed away. The measured distance from the observation 
station to the bow and the ship’s heading are then used for an eccentric reduction. 

The direction and velocity of the current must also be noted. The direction is 
determined with the pelorus and is observed when the ship is directly down current 

from the buoy, as evidenced by the ripple marks on the surface of the water, or by the 

direction of the buoy from the relieving drum, if the latter is used. The direction 
toward which the current is flowing should always be recorded and this is usually 
the reverse of the observed bearing, since the ship is down current from the buoy. 
The observed bearing should be corrected by 180° to obtain the direction of the current. 

At the same time the velocity of the current should be estimated; whether the current 
is slack, weak, medium, or strong should be sufficient information. 

When the three-point fix is observed at the buoy, the anchor position may be 
computed or plotted graphically, in the manner described in 2511 for an eccentric 

observation, except that the eccentric distance is determined from the scope of the 
anchor cable and the direction of the current instead of being measured with a tape. 

The method of determining the scope correction is described in 943. 

When it is impossible to observe the three-point fix directly adjacent to the buoy 
position as described above, it is obtained some little distance away from the buoy. 
The ship is maneuvered close to the buoy on the down-current side so as to bring the 
poimt of observation on board directly in line with the direction of the current, as 

shown by the ripple marks on the surface of the water, or by the direction of the buoy 

from the relieving drum, and similar observations are obtained. In this instance it will 
be necessary to measure the additional eccentric distance from the observation station 
to the buoy by a sextant depression angle (see 3362), or by a rangefinder. This 
observation is made at the same time the sextant angles are marked so that all are 
simultaneous. 

The anchor position may be computed or plotted graphically, as explained in 2511 

for an eccentric observation, but the eccentric distance must be increased by the distance 

from the observation station to the buoy; the total eccentric distance is the distance from 

the observation station to the buoy plus the correction for the scope of the anchor cable. 

465382—44 9 
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2513. Three-Point Fixes on Range With Shore Stations 

The position of a buoy may be determined by observing three-point fixes at three 
or more ship stations, each of which is on range with the buoy and a shore station (fig. 

19). This method is particularly useful on larger vessels which are difficult to maneuver 

alongside a buoy to obtain a fix. The position of a buoy so located is easily deter- 
mined by graphic plotting; it may be computed, but such computations are rather 
involved. | 

The shore stations, with which the buoy is to be brought successively on range, 

must be selected to give the best possible intersections at the buoy. A fix is observed 
when the ship observation station is exactly on range with the buoy and shore station, 
at any convenient distance (usually a fourth to a half mile) from the buoy. The fix 
on each range may be repeated several times, if desired, while steaming slowly directly 
away from, or toward, the buoy but keeping the observation station exactly on the 

range. The observers should stand together but, by shifting their position on board, 

they can keep the point of observation on range as the ship veers across it. In order 

that the angles will be observed when exactly on range, the observer who is viewing 

a 
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FIGURE 19.—Buoy location from ship stations in range with shore stations. 

the buoy direct—not reflected—should give the mark. This is not possible when the 
buoy is on range with the right object, but in this case the ship is generally far enough 

from the buoy so that it is possible to view the buoy reflected and thus mark the angles 

at the proper instant. One observation for the direction and velocity of the current 
is usually sufficient, but this should be taken immediately before or after the other 

observations. If the direction of the current is changing rapidly, two observations to 

determine it should be obtained, one before and one after the angle observations, and. 
the mean of the two should be recorded for the determination of the scope during the 

period of observation. 
The ship positions may be plotted graphically as explained in 2511. After each 

fix is plotted, a line is drawn from it toward the shore station which was in range with 
the buoy. If more than one “fix was obtained on a single range, a mean of the resulting 

lines should be used if they do not coincide exactly, rejecting any questionable fix. 
If the observations have been accurate, the range lines will intersect at one point 
which is the position of the buoy. If desired or necessary, the correction for scope of 

anchor cable may be applied graphically before scaling the position from the sheet. 
The computation of such a position is very time consuming. The position of 

each fix on each range must be computed in the manner described for the compu- 

tation of the position of the buoy anchor (see 2511) using Forms 655, 25, and 27. 

From these computations are derived the azimuths of the ranges, or the azimuths 
from the buoy to the respective shore stations, and the differences between adjacent 
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azimuths are the angles at the buoy. With the angles at the buoy known, its position 

is computed, as previously described, by using Forms 655, 25, and 27. The compu- 

tation of the anchor position from the buoy position is the same as for an eccentric 
observation (see 2511). 

It is apparent that the above computations are laborious and they are an un- 

necessary refinement unless the large scale of the survey requires the additional ac- 
curacy. A graphic determination, when the observations have been made in this man- 
ner, will result in a buoy position sufficiently accurate for all but thelargest-scale surveys. 

2514. Observations Between the Buoy and Shore 

A buoy may be located by sextant at a maximum distance from shore stations 

by observing three-point fixes at successive ship stations between the shore and the 
buoy simultaneously with cuts to the buoy (fig. 20). This method of location is par- 
ticularly adapted to areas where only one line of buoys, parallel to the shore, is required 
for control (see 2552). 
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FIGURE 20.—Buoy location by cuts from ship stations. 

The method requires unusual care in execution to avoid an uncertain position of 
the buoy. The successive ship stations should be selected with care, so that the 

position determinations will be strong (see 3332) and the cuts to the buoy will intersect 
at good angles. For best results the angles should be taken so as to close the horizon, 
wherever possible, and the horizon closure should be adjusted; all angles from each ship 
station should be measured simultaneously; and the angles at each ship station should 
be repeated at least once, as a check. 

Five observers are required to observe all the angles simultaneously to close the 

horizon; two for the shore station fix, one for the check angle, one for the cut to the 

buoy, and one for the angle closing the horizon. One additional observer is required 
for each additional buoy. If there are not sufficient observers or the angles are too 
difficult to measure simultaneously, the ship should be anchored for each set of obser- 

vations. 
With the ship drifting, the difference in distance and direction between sets of 

repeat observations will give valuable information on the velocity and direction of 
the current for use in reducing a buoy position to its anchor position. 

To compute the position of a buoy that has been located in this manner is quite 
laborious and it is not recommended for general use. The location may be determined 
graphically with ease and in most cases with an accuracy as great as the method 
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warrants (see 2513). Unusual care must be exercised in plotting the positions of the 
three-point fixes and the respective cuts to the buoy. Three or more cuts will seldom 
intersect at a point, and considerable judgment is necessary in analyzing them and 
accepting the most probable position. 

2515. One Angle at Buoy and One Cut From Three-Point Fix 

A buoy station may be established during hazy weather, with the expectation of 

determining its position by a sextant fix at the buoy when observing conditions become 
favorable. When this is attempted, only two of the three necessary shore stations 

are found to be visible from the buoy station and it is impracticable to move the buoy 
inshore where alt may be seen. In such a case the angle between the two may be meas- 
ured, and at a point farther inshore, selected to give a good intersection with the locus 
of the angle obtained at the buoy, a three-point fix is obtained simultaneously with a 

cut to the buoy (fig. 21). The position of the buoy may be determined from these data. 

\\ We i 
\ SHIP STATION \ 

FIGURE 21.—Buoy location by one angle at buoy and one cut from a ship station. 

When the observations have been obtained in this manner, the position is best 

determined graphically (see 2511). The three-point fix position should be plotted first and 

the cut drawn at the approximate location of the buoy. The angle at the buoy is next 
plotted on the direction line with a metal protractor, the center of the protractor being 

moved along the direction line until the protractor arms intersect the respective shore 

stations. The center of the protractor will be the position of the buoy. To obtain 
the position of the buoy anchor, the buoy position must be corrected for the scope 

determined from the current observation. This may also be done graphically. This 
correction cannot be made accurately for both observations, since the current at the time 

of the three-point fix will be unknown, but if the latter is observed immediately after the 
angle at the buoy, the current may be assumed to be the same for both observations. 
With these observations only, there will be no check on the location, so care is essential 

in observing, recording, and plotting the data. 
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252. DirRECTIONS AND SUN AZIMUTHS IN LOCATING A SINGLE Buoy 

2521. Observations at Shore Stations 

A buoy, if not too distant from the shore, may be located by theodolite or sextant 

directions measured at shore stations. It may be necessary to start or end a buoy 
traverse at a point along a coast where sextant angles to three shore stations cannot be 

observed from the ship, or where the extension of the traverse to a locality where such 

a fix could be obtained is impracticable. At such places it may be possible to locate a 
buoy by simultaneous directions from two or more shore stations. 

The accurate location of a buoy in this manner is difficult because the directions, 

measured at widely separated points, must be observed simultaneously; otherwise 

current data must be obtained which will permit the reduction of the directions to a 
common point. The most aecurate method is for the observers, occupying the two or 

more shore stations, to mark their directions to the buoy simultaneously at a signal 
from the ship or by any other means which may be available. The ship assumes a 

position near the buoy so that the signal to mark may be seen by all the shore observers, 

but without interfering with the observations on the buoy. The buoy should not 
be anchored so far offshore that the observations will be too difficult. This is especially 

important where there are strong currents that may cant the superstructure so that the 

normally expected visibility is reduced. Before the ship leaves the buoy, the direction 

and velocity of the current should be observed. 

When the observations have been made simultaneously, the position of the buoy 

is best determined by the usual geodetic computations for the position of an unoccupied 

station. The buoy position is then reduced to the anchor position from the current 

information obtained. When shore observations have not been observed simultaneous- 

ly, each direction should first be reduced for an eccentric observed object on Form 
382, Reduction to Center, using the direction and scope of anchor cable data obtained 

on the ship. The subsequent position computation, made in the usual manner, will 

be the position of the buoy anchor. 

2522. Angle at Buoy and Direction From Shore Station 

A special condition arises when only one shore station can be occupied to observe 

a direction to a buoy, and only one satisfactory angle can be observed at the buoy. 

This is frequently the case where surf landings are difficult or shore stations are in- 

accessible and difficult to occupy, and at places where there are insufficient natural 

objects or structures for a strong sextant fix at the buoy. 
The principle by which offshore positions are determined graphically by this 

method is that a direction from one station to a buoy and the locus of an angle taken 
at the buoy between two stations will intersect at a point when properly related stations 

are used in the observations. The theoretical strength of location depends on the 
angle of intersection of the direction and the locus, and the theoretically strongest 
location is obtained when they intersect at right angles. In order that they may 
intersect at or near right angles the shore station, at which the direction is observed, 

should be selected so that the direction will pass near the center of the circle which is the 
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locus of the vertex of the sextant angle observed at the buoy (see fig. 22). The site 

of the buoy should be selected so that a good relation between the shore stations is 
obtained. The strength of location also depends on the size of the angle at the buoy, 
a strong location being obtained with an angle of approximately 90°. Angles less than 
45° are likely to result in poor positions and should not be used. 
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FIGURE 22.—Buoy location by an angle at buoy and a direction from a shore station. A. Where one of the shore stations between 

which the angle at the buoy is measured can be occupied. B. Where the occupied shore station is not observed from the buoy. 

Two cases involving the above principle may be encountered in practice: (1) Where one of the stations between which the angle 

at the buoy is measured can be occupied (see A in fig. 22), and (2) where the occupied station is not used at the buoy (see B in fig. 22). 

In both cases the direction at the shore station should be observed simultaneously with the angle at the buoy. An observation of the 

direction and velocity of the current at the buoy should also be made. 

The position of the buoy may be determined by computation or by agraphic solution. In (1) the computation is relatively simple, 

the two observations furnishing sufficient data for the solution of the triangle. The anchor position may be obtained by reducing the 

buoy position as described in the last paragraph of 2511. In (2) the computations are involved and laborious and the buoy position is 

best determined graphically as in 2515. 

If the observations at the buoy and the shore station are not simultaneous, they 
must be reduced to the anchor position which is common to both. Having the data 
necessary to compute the eccentric distance and direction, the reduction of the observa- 
tions may be made on Form 382; the computation being for an eccentric station in the 
case of the angle at the buoy, and for an eccentric object in the case of the direction 

from the shore station. After the two observations have been reduced the geographic 
position of the buoy anchor may be determined as described above. 

Where the observation station on board ship is eccentric to the buoy, the reduction 
may be made by solving the triangle between the observation station, the buoy, and 

the buoy anchor by computation, or graphically on polar coordinate paper. 

2523. Sun Azimuth and One Angle 

It may be desirable to obtain all observations on board the ship where there are 
only two shore stations from which to fix the position of a buoy. It may be impossible 
to land an observer to measure a direction from shore, as described in 2522, or inexpe- 

dient to do so, especially if the sohré station is inaccessible. Under these conditions 
the position of the buoy may be determined, as in figure 23, by observing the angle at 
the buoy and observing a sun azimuth of the direction from the buoy to one of the 

shore stations (see 4526). 

From these data the position may be computed to obtain a more accurate determi- 
nation than is possible graphically. The azimuth between the two shore stations is 
known, or may be computed by an inverse computation (see 2511). The azimuth 
between the buoy and one of the shore stations was obtained from a sun-azimuth, 
observation. This latter is corrected by Aa plus 180° to obtain the reverse azimuth 
and the difference between this and the azimuth between the shore stations is the angle 
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at one of the stations between the buoy and the other station. To obtain the reverse 
azimuth from the observed azimuth it is necessary to make a preliminary position 
computation, or make an approximate computation of Aa (see 942). Using this angle 

and the angle observed at the buoy the triangle may be concluded and the position 
computation made in the usual manner. 
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FIGURE 23.—Buoy location from one angle at the buoy and FIGURE 24.—Buoy location by sun azimuths 

an azimuth to a shore station. to shore stations. 

2524. Sun Azimuths From a Buoy to Two Shore Stations 

If two or more shore stations are visible from positions offshore from the buoy 
and for any reason it is impracticable to observe sextant angles, the buoy may be 
located by observing sun azimuths from ship stations on range with the buoy and the 
respective shore stations (fig. 24). 

The position of the buoy may be computed when it is determined by this method. 
The three angles of the triangle may be derived from the observed sun azimuths between 
the buoy and the two shore stations and the azimuth between the shore stations. 
The triangle computation and the position computation are made in the standard 

manner. In taking the differences between the azimuths to obtain the desired angles, 

the azimuth in the correct direction must be used. When the reverse of one of the 

observed azimuths is required the observed value must be corrected as explained in 
2523. 

2525. Sun Azimuth and Distance 

The method of locating one buoy from another by a sun azimuth and distance 

is the fundamental principle of the system of buoy traverses. There are several ways 
of measuring distances at sea beyond the sight of shore objects; the most accurate is 

with the taut-wire apparatus (see 446), and all long distances between buoys should 

be measured with it when the apparatus is available. 

It is to be noted that the farther apart two intervisible buoys are the more accu- 
rately the sun azimuth can be measured, and in a taut-wire sun-azimuth traverse based 
on a number of intervisible buoys, errors of observation in the sun azimuths tend to 

compensate. In contrast, any errors in distance measurements are likely to be 
accumulative. 

Other methods of measuring the distance between two buoys are less accurate 
and should be used with discretion. When one of two buoys is a sono-radio buoy, 

the distance between them can be measured by subaqueous sound ranging, but this 
method should be used only where the velocity of sound is accurately known (see 635). 
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For supplemental distances in an area where the principal control has been established 
by more accurate methods, relative distances between buoys may be determined by 
single or double log runs (see 3374 and 4453). The accuracy of log distances is 
definitely limited, and except in emergencies they should be used only to measure 
relative distances, which may be adjusted to other data. 

The azimuth between two intervisible buoys is determined by sun-azimuth obser- 

vations while on range with the two buoys. The geographic position of one buoy 

referenced to another is determined by computation on Form 27, using the measured 

distance and the observed azimuth between buoys, the latter being reduced to geodetic 
azimuth, that is, to read from the south. The azimuth from the known position to 

the new buoy must be used. This azimuth is frequently measured in the reverse 

direction and in such case a correction is necessary (see 2523). 

253. OTHER METHODS OF LOCATING A SINGLE Buoy 

2531. Referencing One Buoy to Another Close By 

When a sono-radio buoy (see 643) becomes insensitive during use, it is practically 
impossible to service it in situ, when weather conditions are unfavorable, because of 
the likelihood of dragging the anchor. In these circumstances it is preferable to anchor 
a new buoy near the inoperative one and locate the former by a distance and an 
azimuth from the latter, whose position is known. This method is also used in locating 
a reference buoy near an isolated sono-radio buoy when there is a possibility of the 

latter’s anchor dragging. The relation between the two may be used later to check 
their relative positions for any indication of a shift in position. The geographic position 

of the new buoy is computed on Form 27. 
Before referencing one buoy to another, both buoys must have been anchored 

for sufficient time for the current to affect both buoys similarly; otherwise appreciable 

inaccuracies will be introduced into the measured distance and bearing. 
The azimuth between the two buoys may be determined by several different 

methods, the choice being dictated by the distance between them, the scale of the 

survey, the purpose of the determination, the known accuracy of the instrumental 
equipment, and other factors which might influence the accuracy of the determination. 

If the two buoys are comparatively close together, a compass or gyro bearing may be 

sufficient; but if the distance between buoys exceeds three-fourths of a mile, a sun- 

azimuth determination is preferable. In either case the observed value is reduced to 

geodetic azimuth. 
A short distance between buoys may be determined either by measuring depression 

angles (see 3362) or by the use of a rangefinder (see 455). The shorter distances may 

be measured more accurately by rangefinder than by depression angles, but only with 

clear observing conditions, a smooth sea, and, most important of all, an experienced — 

observer. In measuring distances thus, the ship may be placed close to one of the 
buoys and on range with the other, and angles or distances may be measured to both 
buoys simultaneously. The distance between buoys is the difference between the two 
resulting distances. 

If the distance between buoys is so great that the data so obtained are not sufficient- 

ly accurate, depression angles, or rangefinder distances, to each buoy may be measured 
from a ship observation station on line midway between the two buoys. There is some 
difficulty in placing the ship exactly on the range between the two buoys. If there are 

gyro repeaters on both wings of the bridge, the ship may be maneuvered so that the 
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bearings to the two buoys will indicate that the ship is on the range. If the azimuth 

between the buoys has been previously determined, the correct observation station 

may be found more easily by bringing the proper buoy on this bearing. 

2532. Taut-Wire Distances From Two Stations 

The location of a buoy beyond the visibility of shore stations, or other buoys, is 
more difficult, and the corresponding computation 

or the graphic determination of the buoy position 

becomes more involved. The preferable method, if 
the ship is equipped with a taut-wire apparatus, is 

BUOY AT KNOWN POSITION 

to measure the taut-wire distances from the buoy, SO A ne ot oO 
mete 5 , a + THREE POINT FIX 7 comPuTeo DISTANCE , ve 

whose position is to be determined, to two or more ay ie 
ote ° . 5 A cs AN AS 

known positions in sufficiently divergent directions. iN ye 
. avis A o\ _ 

Such a location has an additional value in R.A.R. on US 

surveys, since accurately measured distances, distri- os 
buted throughout the area of the project, have a Wistele 

supplemental use in the determination of the experi- 
mental velocity of sound (see 6352). 

To measure the distance between two buoys by this method, the approximate 

azimuth between them must be known. The ship proceeds along this course, noting the 

reading of the registering sheave of the taut-wire apparatus as each buoy is passed 

abeam, and at the same time the direction and velocity of the current are noted. The 
direction is observed by compass in the usual manner when the ship is directly down 

current from the buoy and is recorded in the appropriate space on Form 777, Taut-Wire 
Traverse Observations. Before determining the geographic position, the measured 
distance must be corrected for the scope of the anchor cable by using the current 

observed at each buoy. : 
Taut-wire measurements may be made between strong three-point fixes, at the 

approximate limit of visibility of shore stations, and the buoy to be located. The 
angles determining the inshore positions should be observed from a point near the taut- 

wire sheave, or else the sheave should be read when the buoy is abeam of the same 

part of the ship from which the angles were observed. 

The position of a buoy from distances measured by taut wire is best determined 
eraphically. This is especially true when the method is employed in combination with 

locations by subaqueous sound ranging, which are generally determined by graphic 

methods (see 2533). The position may be determined by computations if desired. 

Having two sides of the triangle measured by taut wire, the third side is either known 

or may be determined by an inverse computation between the two known stations, 
from which taut-wire distances were measured. <A spherical triangle with three sides 

known may be solved by the use of formulas found in Shortrede’s Table of Logarithms. 

FIGURE 25.—Buoy location by 

taut-wire distances. 

2533. Subaqueous Sound Ranging 

In R.A.R. surveys a buoy is often located by distances obtained by subaqueous 
sound ranging. The method depends on the presence of accurately located stations, 
designed for the reception of subaqueous sound, distributed so as to furnish good inter- 

sections at the buoy to be located, and furthermore, at unequal distances so that the 
returns from the stations will not be simultaneous nor indistinguishable on the chrono- 
graph tape records (see 6814). The accuracy of the method depends on the use 

of the correct velocity of sound through the water, and this, in some localities, is 
465382—44—10 
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difficult to determine and, in addition, depends on an accurate measurement of the 

time element (see 6352 and 685). Because of the uncertain knowledge of the velocity, 

distances should be determined from three or more R.A.R. stations and frequently it 
is necessary to supplement the method by taut-wire measurements. 

The time intervals may be measuted from a sound originating at the buoy whose 
position is desired or at three or more stations of known positions. In the former, 

R.A.R. stations are at the known positions and an ordinary buoy is at the position 

to be determined and all three distances are measured simultaneously. In the latter, 

an R.A.R. station is at the position to be determined and time intervals are measured 

successively at each of the known positions. The latter method is advantageous when two 

or more stations are to be located, the number that can be located being limited only 

by the number of returns that can be recorded on a chronograph tape without confusion. 

In addition to the above methods, if both are R.A.R. stations the time interval 
between them may be measured in other ways. The source of the sound may be located 

at (1) a point directly on line between the two stations or (2) at a point on the exten- 

sion of the line between stations. The first method is not recommended unless frequent 

positions of the ship can be determined from other R.A.R. stations to ensure that the 

ship is kept on the line. It is to be noted also that any error in the ship’s run correction 

is doubled. If the time intervals are so measured the distance between the stations 

will be derived from the sum of the two time intervals. The second method is not 

recommended for use unless experience has proved that short acoustic distances may 

be accurately determined, although it does eliminate any error from the ship’s run 
correction. The acoustic position in the second case will probably be close to one of 
the R.A.R. stations, and accurate measurement of short distances by acoustic methods 

has been generally difficult (see 7636d). If this method is used the desired time 

interval between stations will be the difference between the two recorded time intervals. 

To use either of these methods, fairly accurate dead-reckoning positions of the two 

stations are required, so the acoustic position may be located as nearly as possible in 

line with the stations. 
In measuring a time interval in order to determine a subaqueous distance, bombs 

must not be exploded at stations occupied by sono-radio buoys. A bomb explosion 
near the hydrophone may cause the armature of the electromagnetic unit to become 
displaced so that it is no longer balanced between the pole pieces (see 6565) and the 

unit becomes inoperative. Before bombing at a station occupied by a sono-radio buoy, 
it must be replaced with an ordinary buoy or, if a relieving buoy is used, the sono-radio 
buoy must be removed and the bombs exploded at the relieving buoy. 

Regardless of the method used to determine the time interval, a series of three to 

five measurements should be made to provide for the elimination of erratic results. If 
reliable returns are difficult to obtain from a required station, it may be necessary to 

obtain a much longer series. A single determination is seldom to be depended on because 
of the uncertainties in the process. As each measurement is made, the chronograph 

tape is scaled and the results are tabulated on Form 715, Abstract of Bombed Distances, 

and compared to ascertain when there is a sufficient number of satisfactory determina- 

tions. In these measurements bombs containing the same quantity of explosive should, 
be used for an entire series. A change in the size of bomb will frequently affect the 

time interval shghtly, but enough for the result to appear erratic when compared with 

the results obtained from bombs of a different size. 

The determinations may be made while the ship is lying-to at the proper position, 
or they may be made while underway. If they are made from the ship lying-to, large 
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bombs should not be used because of possible damage to the ship’s hull. Bombs 

containing one-quarter pint of TNT have been used while lying-to, without apparent 

damage to the ship. Larger bombs should be used only while underway. 

Acoustic positions are determined underway while steaming on a line between the 

two R.A.R. stations, or near the station to be located. In the latter case a figure-eight 
course is steered toward and away from the station, passing it on the down-current 

side at a distance of 15 to 25 meters and dropping the bomb near the buoy each time 

the bombing station on board comes abeam of the buoy. 
When the data have been obtained by this method, a graphic analysis of the dis- 

tances is almost mandatory, especially if the velocity of sound is not accurately known or 
is likely to be variable. In this analysis the distance ares, determined by multiplying the 
mean R.A.R. time intervals by the velocity, are plotted with a beam compass on an 

accurate projection on a nearly distortionless sheet (see 713). In practice all the dis- 

tance ares will rarely intersect at a point, and considerable judgment is necessary in 
analyzing them before deciding on the most probable location of the station. All other 

factors being equal, the distances should be weighted according to their relative lengths, 

the shorter being considered the more accurate. The copies of Form 715 on which the 

time intervals were recorded should be referred to when determining the relative relia- 
bility of the distances. That series of R.A.R. time interva's which shows good agree- 
ment should be given more weight than results which are erratic. A study of a series 

of erratic time intervals will often disclose certain returns which may be rejected to 
change the mean so that the distance will plot correctly. Such rejections should be 
made with caution, for a series of time intervals which are in agreement may possibly 

be in error for some unsuspected reason. This might result in changing the mean of a 

series of returns to bring it into agreement with an erroneous series, which would result 

in the selection of an incorrect location. 

After the graphic analysis the geographic position of the station may be deter- 

mined graphically or by computations. The latter is generally not necessary unless 

the scale of the graphic determination is smaller than that of the survey, in which case 

there would be a loss in accuracy in transferring the position to the sheet with the 

larger scale. 

2534. Subaqueous Distances Krom Three-Point Fixes 

The position of an R.A.R. station, within sight of shore stations, may be deter- 

mined by a series of simultaneous three-pomt sextant fixes and short subaqueous 
distances at successive positions encircling the station. Four to six sextant fixes should 

be taken 145 to 2 miles distant and in different directions from the R.A.R. station so as 

to furnish a good intersection of distance ares at the station. 

This method is especially useful to locate shore station hydrophones anchored at 

positions close inshore where strong sextant fixes are not available. 

The position of an R.A.R. station so located should be determined by a graphic 
plot on an aluminum-mounted sheet. Each three-point sextant fix is plotted and from 

that position as a center the distance are to the R.A.R. station is drawn after it has 

been.computed from the velocity of sound. The velocity should be based on the sur- 

face or near-surface temperature and salinity, for the sound will have traveled this 

short distance along a direct path near the surface (see 622). If the correct velocity 

has been used and all other data are accurate the distance ares will intersect at a point, 

which will be the position of the R.A.R. station. If an erroneous velocity has been 
used the distance ares will not intersect, but the true position of the station will be 



2535 HYDROGRAPHIC MANUAL Pace 124 

distant from each are by an amount proportional to its distance from each fixed posi- 

tion. The velocity of sound used should be verified before the proportional method 

of determining the position is resorted to; any distance arc suspected of being in error 

should be rejected. The true position of the station is always inside the rough figure 
formed by the nonintersecting ares, and if the station is farther from the fixed positions 

than the arcs are, this is an indication that too low a velocity of sound was used, and 
if nearer, then too high a velocity was used. (Fig. 26.) 
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FIGURE 26.—R.A.R. station located by subaqueous distances from three-point fix positions. 

2535. Astronomic Observations 

Isolated shoals far from shore stations must be surveyed and they often require 
extensive development but are located where it is impossible to extend shore control 

to them. Taut-wire traverse, for instance, from the shore control to a shoal area 

surrounded by extensive areas of deep water would be impracticable. An isolated 
shoal area in the open ocean far from land is an example. Local control to coordinate 

the survey is more important than a precise determination of the latitude and longitude 
of the area. In such areas, where it is impracticable to locate control by other more 

accurate methods, it may be located by astronomic sights. This method has a rather 

large probable error, and should be resorted to only when this lesser accuracy can be 

tolerated. 

In order that the position of a station located by astronomic observations may be 

as accurate as possible, the methods and observations must necessarily be of a higher 
standard of accuracy than is required in ordinary navigation. The accuracy which 

can be attained will vary considerably, depending on the conditions at the time the 

observations are made. Accurate observing under the best conditions should deter- 

mine the position of a station with a probable error not greater than one-fourth nautical 

mile. Poor observing conditions will increase the probable error considerably. Under 

ideal conditions sufficient accuracy will be attained by sets of six observations on four 
well-distributed celestial bodies taken independently by two or more experienced 

observers at evening and morning periods of observation. When observing conditions 

are poor or the observers are inexperienced, the observations should be extended over 

several days in order to obtain the desired accuracy. To obtain this accuracy, a certain 
definite procedure must be followed in the selection of stars, observing schedule, and 

elimination of errors. (See also 3384 and 3387.) 

The best method of locating a station by astronomic observations, where the depth 

of water permits, is to anchor the ship at the position where the buoy will be anchored 

later and obtain all observations while at anchor. The ship’s heading should be recorded 

to determine the direction of current at each series of observations. The scope of the 

anchor chain should be noted for use with the direction of the current in transferring 
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the observation station on board to the anchor position. The latter will be the 

station when the observations are completed, at which time a buoy is anchored at the 

position of the ship’s anchor and the ship moves away from the location. 

The observations may also be made from an anchorage near the station to be 
located. In this case the distance and direction between the observation station on 
board and the buoy should be determined and the scope of the anchor cable of the buoy 
known. The ship’s heading is also required to determine the direction of the current 

for the reduction of the buoy position to the anchor position (see 943). 

In deep water it is impracticable to anchor the ship in the vicinity of the station 

and in this case observations must be made while hove-to near the buoy. For each 

series of observations the necessary data must be obtained to relate the position of the 
observation station to the position of the buoy anchor. 

The necessary astronomic observations are described in 338. 

2536. With Reference to Submarine Relief 

A buoy anchored near distinctive submarine relief in an accurately surveyed un- 

changeable area, at an isolated position far removed from established control, may be 

located with reference to the submarine relief without other connection to established 
control. This is accomplished by making a second survey of the immediate vicinity 

referenced to the buoy, but without regard to datum, and fitting it by means of the 
bottom contours to the prior survey referred to the standard geographic datum. 

This method is of particular value when the survey to be made must be coordinated 
with the prior survey, and the small amount of additional work required does not 
justify a long taut-wire traverse from shore stations. It is used where additional de- 
velopment is required on offshore shoals; to extend the original surveys farther offshore ; 

and, infrequently, to start the new season’s work of a continuing project of offshore 

surveys without the delay of extending control from shore stations. The last is fre- 

quently of primary importance in R.A.R. surveys because better results are obtained in 
many areas during the late spring months than during midsummer. With a rapid 
method of establishing the control, R.A.R. surveys may be executed during the more 

favorable period, leaving the time-consuming operation of establishing the connection 
to shore stations for a period when R.A.R. does not function as efficiently. 

To fix the position of a station by this method, a well-controlled and adequate 
prior survey of the area is required, in which a site can be selected which has a charac- 

teristic bottom form. Where there is a choice of sites, the control and adequacy of 
the prior survey should be examined critically and a site selected where the control is 

strongest and the soundings are most accurate and most numerous. The prior survey 

should be in sufficient detail so that the depth contours may be drawn with reasonable 

certainty without plottable errors. 

Suitable sites for locations of this nature are limited to areas of characteristic bottom 

relief in two directions approximately normal to each other so that the position may be 

fixed in two directions. The submarine feature should be small enough in area so that 

an extensive hydrographic survey will not be necessary to cover the desired details. 
The selected site should have sufficient gradient between depth contours so that minor 

uncertainties in the soundings would cause no appreciable horizontal displacement of 

the contours. 

Not all well-defined accurately surveyed features on the ocean ‘bottom can be 
utilized for this purpose. Features which are otherwise satisfactory, but which are in 
changeable areas where bottom shapes may be altered during storms or severe weather 
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conditions, should be used with extreme caution. Likewise, features that are the 

result of scouring action of currents and features on banks and shoals, where the existing 

currents or other conditions are such that there is a probability of change, should be 
eliminated from consideration. 

In an area where the submarine relief is broken and moderately rugged, a station 

may be located near a locality where the general direction of the depth contours changes 
(station A, fig. 27). The change in direction of the contours should be at least 50° in 

order to obtain an accurate location in both directions. In an area of similar type a 
station may be located at a change in bottom gradient where the distance between 

depth contours changes (station B, fig. 27). The accurate position of a station at such 

FIGURE 27.—Buoy station located with reference to submarine relief. 

a location may be obtained only at a pronounced change in bottom gradient. A sta- 
tion may be established on a shelf near the edge of.a valley, to be located in one direction 

by depth with respect to the depth contours on the shelf and in the other direction by 
distance from the edge of the valley; provided the axis of the valley is approximately 
normal to the depth contours on the shelf'and provided the depth of water is within 

the accurate range of the sounding equipment. A site in the vicinity of a small con- 
fined crest or small caldron with rather steep sides is generally suitable. If such a 
feature is small enough, the new survey duplicates the survey of the entire feature 

and not only fixes the position in each direction but also affords a check on the probable 

accuracy. Satisfactory sites in a suitable depth of water may generally be found at the 

upper edge of the continental slope. Irregular submarine features are frequently found 
there, provided the break of the slope is abrupt. 

Before the buoy is anchored, some preliminary sounding lines may be necessary 

to find the feature, but it will generally suffice to run an accurate dead-reckoning line 

from a known inshore position across the previously surveyed area on a course so as to 
traverse the intervening area approximately at right angles to the depth contours. | 

When the required depth is reached, the ship is stopped and the buoy anchored. It 

will generally be found to be near enough to the submarine feature, but its position will 

have to be changed if it is not. 

If the survey of the features to which the buoy is to be referenced is extensive, a line 
of buoys may be required which are accurately referenced to one another by traverse 
methods (see 2525). The soundings may then be located with reference to the buoys by 
sextant or by R.A.R. methods. Such a survey is without datum, the stations being 
merely plotted accurately with reference to one another by graphic methods with only 
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an azimuth line on the sheet. It is essential that the survey be well controlled in 
azimuth as it will be held in azimuth when it is fitted to the prior survey. 

The sounding lines of the survey to locate the buoy should duplicate the sounding 

_ lines of the prior survey insofar as practicable. This cannot be done exactly because 
the datum is not known at the time. The lines should follow the same pattern, how- 

ever, and the area should be surveyed in approximately the same detail so that the 

features may be delineated on both surveys with about the same accuracy. Fre- 
quently, additional sounding lines will be required to develop certain features appearing 

on the prior survey that have been missed by the systematic lines of the new survey. 
For greater accuracy, the soundings taken to locate the station should be plotted 

on a scale larger than that of the future survey for which it is to be used, so that it is 

frequently necessary to enlarge the prior survey. The required part of the smooth 

sheet of the prior survey will usually be enlarged photographically to the desired scale 
at the Washington Office upon request. The soundings should be transferred accu- 
rately from itsto an accurate projection, preferably on an aluminum-mounted sheet, 

and closely spaced depth contours should be carefully drawn at the selected location. 

A knowledge of submarine relief is required (see 353 and 7762) and the contours should 
be delineated by the most experienced member of the party. The interval to be used 
between depth contours depends on the gradient of the bottom relief and the distinctive- 

ness of the feature. It should be close enough to leave no doubt as to the exact form 

of the feature but not so close that confusion will result when the two surveys are 

superimposed. 
The soundings of the new survey should be carefully plotted with reference to the 

station to be located at the enlarged scale chosen. They may be plotted on tracing 

paper but celluloid is preferable because of its greater transparency and dimensional 

stability. The positions and soundings are plotted with the utmost accuracy by the 

usual method for this type of survey. The soundings should be reduced to the plane 
of reference of the prior survey. After they have been plotted, depth contours are 

drawn on this survey, comparable in all respects to those drawn on the enlarged copy 
of the prior survey, using the same care. 

If the bottom feature selected is adequate for the purpose, little difficulty will be 

experienced in correlating the two surveys, when superimposed. The two surveys 
must be maintained in relative azimuth while they are adjusted until the depth curves 

and soundings are in the best attainable agreement. Perfect agreement is seldom 

possible from the very nature of the case. It is frequently necessary to effect a com- 

promise adjustment that satisfies, as nearly as possible, all detail represented. To 
attain this requires painstaking and thoughtful consideration of all the factors involved 
if the position is to be sufficiently accurate. When the best adjustment has been 
attained, the position of the station is pricked through the transparency to the under- 
lying sheet and the position scaled in the usual manner. 

The accuracy of the method depends primarily on the selection of suitable sub- 
marine relief, and secondarily on accurate determination of the positions and soundings, 

and comparable reduction of the soundings of both surveys. The smooth plot and the 
selection and delineation of depth contours of both surveys must likewise be of compa- 

rable accuracy. If all phases of the operation have been performed with care, the 
relative position of the station should be adequately accurate for use at the usual scale 
of offshore surveys. 
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Small distinctive features near the offshore limits of the area of a season’s field 

work should be developed intensely with a view of possible future use as definite re- 
coverable locations from which hydrographic surveys may be extended. 

254. PLANNING Buoy CONTROL 

Buoy stations are established for use in controlling the subsequent hydrographic 
survey, and a buoy system must be planned not only to serve this purpose conveniently 

and adequately but so that the buoys can be accurately and economically located. 
The first consideration is how the buoys are to be used to control the hydrographic 

survey. On this depends to a large extent the choice of type of buoy structure and 

anchor gear, the general method of anchoring, the distance between adjacent buoy 
stations in line and the spacing of adjacent lines, and the accuracy of position 
determination. 

From the increased use of buoys to control offshore surveys a number of schemes 

have evolved, each adapted to the particular conditions encountered. The use of taut- 

wire measuring apparatus has resulted in greater accuracy in this type of control and 

has made the use of buoy schemes feasible for the extension of control where it was 

otherwise impossible. 
While it is recognized that each project presents its individual problems and no 

definite requirements can be stated which are applicable to all, a general discussion of 

the subject and an outline of the methods that have proved satisfactory should be 

helpful in all projects. Conditions to be particularly considered are the depth of 

water, the character and general configuration of the bottom, the average visibility 

for the season of the year in which the work is done, the maximum currents to be 

encountered, the frequency of severe storms; and, if R.A.R. is to:be used, the conditions 

affecting the transmission of sound in sea water. 

2541. Spacing of Buoys in Line 

The distance between adjacent buoys in a line of buoy stations depends on the 
prevailing visibility, the size of the buoy superstructures, and the purpose for which the 

buoys are to be used. In general it is better to underspace rather than overspace 
buoys. The delay incurred in anchoring and picking up a few extra buoys while 

engaged on this class of work is usually less than that caused by inability to obtain 

azimuths when needed. 
If the line of buoys is solely for the purpose of carrying control by traverse to an 

offshore area to be surveyed, the buoys may be spaced at approximately a mile less 

than the limit of average visibility of a buoy in that locality. Except in areas where 
stable, clear atmospheric conditions prevail, the maximum limit between buoys is not 
recommended, because of the difficulty and consequently the delay, often serious, in 
measuring the azimuths between them during less than perfect visibility. Buoys 
should never be spaced so far apart that there will be difficulty in seeing the far buoy 

when azimuths are observed. In areas where exceptionally clear atmospheric condi- 

tions prevail, 10 nautical miles is a suitable maximum distance between adjacent buoys, 
provided the observers may occupy an observing station of sufficient elevation. 

The theoretical distance that a buoy of a certain height above the water surface 
may be seen from an observing station on a vessel may be calculated with the aid of 
Table 8, Distance of Visibility of Objects at Sea, in the American Practical Navigator 
(Bowditch). To find the distance from which a buoy may be seen, the distance given 
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in the table corresponding to the height of the buoy should be added to that cor. 
responding to the height of the observer’s eye. This distance may be materially re- 
duced by the cant of the buoy structure or by the height of waves on the horizon. 
Where the atmosphere is slightly hazy, 5 nautical miles should be considered the maxi- 
mum, and a comparatively clear day will be required to obtain the azimuths at this 
distance. 

Buoys to be used as control stations for three-point sextant fixes may be located 
5 nautical miles apart in areas where excellent visibility is prevalent but at no more 

than 2% to 3 nautical mile intervals where slightly hazy atmosphere is to be expected. 
In general, buoys used for this purpose should never be spaced so close as to cause 
confusion and be mistaken for one another; neither should they be spaced so far apart 
that fixes will be difficult to obtain. 

Adequate R.A.R. control requires that each position be determined from at least 

three distance arcs intersecting at good angles with one another, and sono-radio buoys 

should be spaced in line with the expectation that they will provide such results 

throughout the area of the survey. The spacing will depend, therefore, directly on the 

efficiency of the R.A.R. equipment and the distance that reliable returns are obtainable. 

When sono-radio buoys are to be located by subaqueous distances only, they should 

be spaced well within the limits of reliable returns in order that their positions may be 
determined from unquestionable data. 

2542. Spacing Buoy Lines 

The space between adjacent lines of buoy stations, which are to be used for sextant 
_fixes, depends on the average visibility in the locality. They must be spaced to provide 

visible control for the area to be surveyed, and usually a spacing one and two-thirds the 

average visibility will give satisfactory results. The spacing also depends on the size 

of buoy structure used; a larger buoy with a larger banner or flag will, of course, be 

visible farther than smaller buoys, especially through an exceptionally clear atmosphere. 

A slightly wider spacing may be tolerated when the sounding lines are to be run 
normal to the direction of the buoy lines. The wider spacing is warranted only when 

the area being surveyed is not likely to contain critical features and less rigid control is 
permissible. 

2543. Direction of Lines 

A scheme of buoy control to be located by taut-wire sun-azimuth traverse must 
be planned so that the direction of buoy lines permits the observation of sun azimuths 

between the adjacent buoys. If the azimuth of the line of buoys is in the general direc- 

tion of the sun at sunrise or sunset, inaccurate azimuths will result because the inclined 
angle measured in one direction will be too near verticality and in the other direction 
will be too large. In emergencies, it is sometimes possible to split the large inclined’ 
angle by measuring an inclined angle to an intermediate object and a horizontal angle 

from it to the buoy range, but the method is generally unsatisfactory. <A floating 

object or vessel is rarely to be seen in the required direction at the proper time, and to 
anchor a special buoy for this purpose only is an uneconomic expenditure of time and 

effort. (See 4523.) The sun’s declination, the latitude of the buoy line, and time of 

observation are, of course, the three factors that must be considered when planning the 

direction of buoy lines. During the summer months along the coasts of the United 

States the azimuths should be measured in early morning or late afternoon when the 

sun’s altitude is not too high. Since the sun is near the prime vertical at these times, 
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east-west buoy lines are to be avoided wherever possible; north-south lines are to be 
preferred. In a latitude and at a time of year when the sun’s azimuth changes appre- 
ciably without its reaching too great an altitude, azimuths may be observed at any 

time during the day except near noon, and the direction of the buoy line is not so 

important. 
If practicable, the azimuth of buoy lines should be planned so that the inclined 

angle may ‘be measured by looking at the buoy direct and reflecting the sun’s image. 

The methods of observing inclined angles are discussed in 4526 and reference should be 

made to this item so that buoy lines may be planned to facilitate observing the azimuths. 

2544. Buoy-Control Schemes 

Survey buoys used as control for an offshore hydrographic survey are usually 
anchored in lines throughout the area and oriented so they may be located in the 

most accurate, effective, and economic manner. A buoy scheme must be arranged 
so that each buoy station can be accurately located and that a maximum relative 
accuracy can be obtained throughout the scheme. Since this type of control is com- 
paratively expensive, no more buoy stations should be used than are needed to control 
the hydrography and the development of an area adequately by the selected method. 

A buoy scheme should be planned which will provide effective control throughout 
the area to be surveyed according to the method to be used and the accuracy to be 
attained. Schemes of buoy stations depend also on the type, scale, and purpose of the 

survey, and on the physical characteristics of the area, which differ with each project. 
A scheme particularly adapted for the control of one area may be entirely unsuitable 

for another of different character. A system of control for the survey of an area 
from shoal water to deep water on the East Coast Continental Shelf would probably 

not be satisfactory to control the survey of an extensive and critical area of shoal 
water. The latter area would require closer development than the former and a scheme 

of closely spaced buoy lines would be necessary. Similarly, where some uncertainty 
in the positions of the control stations can be tolerated, there is a wider choice of 

method of location which, in turn, extends the choice of a scheme of control. The 

size of the area, the depth of water, the character of the bottom relief, the required 

accuracy, and the instrumental equipment available are the principal controlling 

factors governing the choice of a buoy’scheme. 

Typical schemes of buoy control which may be employed either as control for 
hydrographic surveys or to extend control to isolated localities are described in 255, 

256; and 257. Combinations of the different schemes may often be effectively employed 
in the establishment of buoy control for extensive hydrographic surveys. 

2545. Buoy Structures and Ground Tackle 

The selection of an adequate type of buoy structure and ground tackle of satis- 
factory weight and strength is of utmost importance when preliminary plans for a 

system of buoy control are made. The choice of a buoy structure should be made 
with a thorough knowledge of the area to be surveyed, so that a buoy of sufficient 

size may be selected for visibility and to support the suspended anchor cable, and the 

counterweight required to keep it upright against the wind and water currents. The 
different types of buoy structures are described in 281, 282, and 284. 

The anchor cable used to anchor buoys should be strong enough to withstand 
any reasonable strain to which it may be subjected, but it should not be of such heavy 
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material that an excessive buoyancy is required to sustain its weight. The anchor 

cables that have been used with success in the past are described in 283. 

Anchors should be of a type and weight to maintain their positions without drag- 

ging against any strain of the anchor cable, but they should not be too heavy for ready 
handling in anchoring and hoisting aboard. On good holding bottom, lighter anchors 

may be used than on poor holding bottom. A small concentrated weight of high 
specific gravity, such as a railroad car coupler, is to be preferred to a large bulky 
concrete block. The couplers are more easily stowed on board ship and require less 

space. The types of anchors that have been used with satisfactory results are dis- 

cussed in 2831. 
2546. Buoy Usage 

When buoys are to be used for the control of an extensive hydrographic survey, 

the work must be planned so that a section at a time can be completely surveyed and 

fully developed as the control is carried forward. This requires a minimum total 
number of buoys, a minimum number at anchor at one time, and the buoys are left 

on their stations for only short periods before being brought on board where any damage 
or deterioration can be detected and repaired. It is inadvisable to have a large number 

of buoys at anchor to furnish control for a long period of time because of the risk of 
the positions being lost by parting of the anchor cable from deterioration or during 

severe storms. The limited space on board for stowage frequently limits the number 

of buoy structures to those required for control in an area which can be surveyed in 

about 2 weeks. The general plan should be to establish the control in an area which 
can be expected to be completed during the period between trips to port. 

Where buoys are located by traverse, it is not necessary that the entire traverse 
be completed, closed, and adjusted before the buoy positions are usable. This may 

be done in sections, each section providing sufficient control for each trip in the field, 

the preliminary unadjusted positions sufficing for plotting on the boat sheet. A 

sufficient number of buoys should be anchored and located at the beginning of a trip, 
and at the end of the trip all those no longer needed for control or for the extension 

of the traverse should be picked up and stowed on deck. This not only eliminates 
the possibility of loss of buoys while the ship is in port, but also affords an opportunity 

for repairs to the structures. If the progress of the survey is away from the base, 

another advantage is that buoys may be anchored en route to the working ground 
and weighed while en route to port. 

When R.A.R. control is used, the areas are generally too extensive to be com- 

pleted in one trip but it should be possible to follow the same general plan, except 
that the buoys are left in position for two trips in the field instead of only one. 

In general, buoys should not be left in the water for more than 6 weeks or 2 months 

at a time. Salt water soon corrodes ordinary wire rope and, if left for a longer period, 
the loss of the buoy and anchor is risked by parting of the wire. | When a buoy position 

is required for longer periods, it should be referenced, at the end of 2 months, by anchor- 

ing another buoy nearby, which is located by reference to the original (see 2531). The 

new buoy position may then serve in lieu of the original position in the event that the 

buoy at the latter is lost. 
Sono-radio buoys are generally visited more frequently than ordinary buoys, to 

renew batteries and to service the R.A.R. units, and more opportunity is afforded to 

inspect the condition of at least the upper part of the anchor cable. Because of its 
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cost, it is advisable to replace a sono-radio buoy with an ordinary buoy structure during 
extensive periods in port, especially during stormy seasons of the year. 

255. Buoy-CoONTROL SCHEMES FOR LOCATION BY SEXTANT 

2551. Buoys for Control of Inshore Hydrography 

Along precipitous shores where it is impossible, for any reason, to build or locate 
shore stations adjacent to the water, a line of buoys may be anchored offshore and used 

to control the inshore hydrography between them and the coastline. Control estab- 
lished in this manner is especially useful in localities where rugged interior topography 
prevents the establishment of triangulation stations on the shoreline, and along beachless 
coastlines where planetable traverse is impossible or where boat landings to build signals 
can be made only with great difficulty. To locate these buoy stations, established 

control stations at interior points are necessary to which the three-point fixes at the 

buoys can be observed. The principal triangulation scheme along the coast usually 

provides stations on the tops of hills and the prominent interior features which can be 
used for this purpose. 

0 5 Miles 

Approximate Scale 

FIGURE 28.—Alongshore buoys located by three-point fixes at buoys. 

The buoys are anchored in a line from A to # (fig. 28) paralleling the shore, at a 
sufficient distance offshore so that at least three shore stations are visible from each 
buoy station. Each should be located by a three-point sextant fix taken at the buoy, 
with a third angle to be used as a check if sufficient shore stations are visible. Each 
buoy station should be located by observations on shore stations exclusively; none of 
the observations should be on other buoy stations. 

The positions of the buoy stations may be computed but such precision is rarely 

warranted. Sufficiently accurate positions may be obtained by plotting the three-point 

fixes with a metal protractor on an accurate projection on an aluminum-mounted sheet. 

When an aluminum sheet is not available, the fixes may be plotted on the smooth 
sheet, but this must be done immediately after the projection is made to avoid the 

possibility of distortion in the sheet. For immediate use in the field the three-point 

fixes may be plotted directly on the boat sheet. In such a scheme, corrections for the 
scope of the anchor cable are an overrefinement unless the stations are in deep water 

and long anchor cables are used. If scope corrections are applied to the plotted 

positions of the buoy stations they should be made as explained in 2511 and 943. 

It is interesting to note that the Hydrographic Service of Canada makes rather ex- 

tensive use of this method for controlling inshore surveys along heavily wooded coast- 

lines. Instead of using specially constructed buoys, however, they anchor small 
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evergreen trees buoyed and weighted to float upright; the tree branches and foliage 
make a perfect signal against the horizon. 

This same method will sometimes serve to locate buoys much farther offshore, 
such as are treated in 2552, especially when the atmosphere is exceptionally clear. 
Since the buoys are much farther offshore in this case, the sextant angles may have to 
be observed from a higher elevation on the ship to be able to observe on shore stations 

from such great distances. The three-point fixes at the buoy stations can sometimes 

be observed from the crow’s nest at the time the buoy anchors are dropped, or at a 
later date when the ship is maneuvered to a position alongside each buoy. 

2552. Sextant Locations Beyond the Visibility of Shore Signals 

In an occasional survey project the offshore zone of the survey may be best con- 

trolled from a single line of buoy stations approximately parallel with the shore. This 
usually occurs where the offshore depths are moderate and the hydrography must be 

controlled by sextant fixes, but tall shore signals cannot be seen at the required distance. 
For use as control in such an area a line of buoys may be anchored at a suitable distance 

beyond the limits of visibility of the shore stations and cut in from successive positions 
of the ship, drifting or at anchor, between the line of buoys and the shore. The 

scheme requires no special instrumental equipment and it may be used by any vessel 
equipped to handle buoys. 

The buoys should not be anchored so far offshore that there will be difficulty ob- 
serving them from ship positions within sight of shore signals. The buoys should 
be anchored with the shortest practicable anchor cables that will maintain them in 
their positions, in order to reduce to a minimum any errors of observations due to 
scope. The buoys should be approximately alined, the interval between adjacent 
buoys being slightly less than half the distance a buoy can normally be seen in the area 

at that season (see 2541). The buoys A to G in figure 29 are not in alinement in order 
to show the small angles observed at the buoys. 

The ship positions should be strong three-point fixes, as indicated in 1 to 10, 

figure 29, a check angle being observed at each if sufficient shore signals are visible. 
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FIGURE 29.—Offshore buoys located by cuts from three-point fix positions nearer shore. 
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The ship positions should be selected so that at least three cuts intersecting at good 
angles are observed to each buoy. All buoys visible from each ship position should 

be cut in, in order that there may be as many cuts to each buoy as possible. All the 
angles at each ship position must be measured simultaneously and with the greatest 
accuracy, because any slight error in position is magnified proportionately in the cuts. 

The strongest cuts are those normal to the shore but their intersections are often 
rather acute. This results in the positions of the buoys being better controlled in the 

alongshore direction than in a direction normal to the shore; that is, adjacent buoys are 

located with reference to one another more definitely in distance than in azimuth. To 
remedy this, sun azimuths should be measured between the buoys, or the small horizon- 

tal angle at each buoy between the next two buoys in line may be measured. These 
latter should be observed at the time the buoys are anchored. Referring to figure 29, 

after buoys A and B have been anchored and as buoy C is being anchored the small 
horizontal angle between buoys B and A is measured; in like manner the angle between 
buoys B and Cis measured when buoy PD is anchored, and so forth until the last buoy 
is anchored. 

The geographic positions of the buoy stations are best determined by a graphic plot 
of the three-point fixes and cuts on an aluminum-mounted sheet. After the cuts to 

FIGURE 30.—Buoy positions strengthened by interbuoy observations. Lower line shows interbuoy azimuths. Upper line shows 

them adjusted to buoy cuts. (Preliminary positions marked ©; adjusted positions marked [-].) 

the buoys have been plotted on the aluminum-mounted sheet the measured azimuths 

or the horizontal angles at the buoys are used to plot a succession of azimuths between 

buoys. These are plotted by means of a metal protractor on a piece of tracing paper, 

the preliminary positions of the buoys determined by the cuts being used as a base 
upon which to lay down the azimuths. This plot should begin at the buoy position 

having the best intersection of cuts. With the protractor center at this position and 

the small angle between the next two buoys in line set on the protractor, it is rotated 

until the two arms intersect the respective groups of cuts in the best possible manner. 

From these three tentative positions, the successive azimuth lines are plotted in both 

directions. After the plot is completed the entire tracing is adjusted to the plotted 
cuts and the most probable positions are accepted, always on the azimuth lines (see 

fig. 30). 

2553. Line of Buoys Perpendicular to Shore 

A single line of buoys anchored along the axis of a narrow shoal extending offshore 

will often furnish adequate control for the closely spaced lines of soundings required for 

the development of the area. The positions of the buoys in such a line, established for 
this purpose or for any extension of control by buoys, may be determined by simul- 
taneous angle observations, when such accuracy is warranted. This scheme requires 
no special distance-measuring apparatus and it may be executed by any ship that is 
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equipped to handle buoys, but at least four observing parties are required to measure 
simultaneous sextant angles. 

Buoys are anchored in a line from A to £, as in figure 31, spaced so that they will 
be intervisible. The initial buoy A should be anchored with reference to the shore 
stations so that strong figures will be formed between it, the shore stations, and the 

inshore temporary ship positions (marked 1 and 5); and the successive buoys in line 
should be anchored so that the strongest practicable figures can be carried forward to 

maintain a maximum accuracy of position determinations. In general, buoys equally 

spaced in an approximate straight line will provide the strongest figures, and in no 
circumstance should the intervals between buoys differ greatly. Equilateral figures 
will doubtless give the strongest position determinations. While the buoys are being 
anchored, dead-reckoning data should be observed so that the approximate positions 
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FIGURE 31.—L ine of buoys located by simultaneous sextant angles. 

of the buoys may be plotted and used to determine where the ship stations should be 
to form the strongest figures when the observations are made. 

To obtain accurate positions of buoys by this method, the angles in each triangle 
in the scheme must be observed simultaneously and observations should be made 

on both sides of the line of buoys so that a check may be obtained on the positions 
determined. 

Theillustrated scheme shows the required observations and the method to extend the observations offshore, two methods of making 

the initial observations being shown. ‘The first isshown with the ship at position 1 and illustrates the method of obtaining observations 

where three shore stations are available. The ship occupies position 1, a shore observer occupies station Y with a theodolite, and two 

launches with observers are sent to occupy buoys A and B. Simultaneous observations are made at all four stations by the visual 

method described in 2282, or by any other means available. The directions marked 1 in figure 31 are obtained simultaneously at each 

station occupied and these observations furnish data so that the position of the ship at position 1 may be computed by the three-point 

problem, the position of buoy A computed with a check, and that of buoy B computed from the single triangle; these computations 

furnish the length and azimuth of the line AB which are then used to compute the triangles in carrying the computations ahead. 

After the observations at the first positions are completed, the ship moves ahead to position 2 and the shore observer at station Y is 

taken in a launch to occupy buoy C. Simultaneous observations are then taken as indicated by the directions marked 2, and in turn, 

observations through the scheme are made in'this manner for each succeeding position of the ship, the launch observer at the inshore 

buoy always moving ahead to the next unoccupied buoy position. 

If the shape of the shoal area requires it, an additional buoy F can be cut in without being occupied, the observations illustrated 

providing for a check on its position. 

Where only two shore stations, as Y and Z in figure 31, are available from which to obtain the initial observations an observer 

must occupy each of the shore stations as illustrated for the ship at position 5. Observers are stationed at buoys A and Bas before 

and with the ship at position 5, simultaneous observations are taken as indicated. Succeeding observations are obtained as described 

above until observations in the entire scheme are completed. 
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The positions should be computed on forms designed for the computation of 

geodetic positions and the observations on each side of the buoy line should be computed 
independently to obtain the distances between successive buoys, but the mean length 
between buoys should be used each time to compute the advance triangles, unless the 

positions are to be corrected for scope. Where the buoys are anchored in comparatively 
shoal water, the anchor cables will usually be so short that no appreciable error from 
this source will enter into the positions. If it is necessary to correct the positions for 

scope, two sets of positions should be computed from the observations on the two sides 
of the scheme. The corrections for scope should be made after the positions have been 

determined from each set of observations and the mean of each pair of corrected positions 
should be taken as the accepted position. (See 2511.) 

2554. Buoy Triangulation—Single Triangles 

A scheme of buoys arranged in triangles, may be used to furnish the control for 
hydrographic surveys in water areas from which shore signals are’ not visible. If 
such accuracy is warranted and there are triangulation stations on two land areas 

with a water area between, the buoy control may be located from the shore stations 
by a chain of well-shaped single triangles, as illustrated in figure 32. This method 
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FIGURE 32.—Buoys located by sextant triangulation (single triangles). 

and the method of buoy triangulation by quadrilaterals described in 2555 are especially 
useful when the survey vessel is not equipped with a taut-wire apparatus for measuring 

accurate traverses. 

For greatest accuracy of positions in a scheme of this sort, the buoys should be 

arranged in a series of equilateral triangles, as in figure 32 between buoys A and B and 

buoy J whose positions may be strongly determined by observations on shore stations. 

The buoys must be anchored so that those in any one triangle are intervisible; hence the 

size of the triangles depends on the visibility at the locality. The scope of the anchor 
cables must be kept as short as possible and they should be moored, as explained in 
2836 and 2851, if there are strong erratic currents in the locality, or if a large-scale 
survey is planned. Mooring should not be necessary, however, where the direction and 

velocity of the current are approximately uniform throughout the entire area, because 
the buoys would maintain the same relative positions to one another. 

Three-point sextant fixes are first observed at buoys A and B at one end of the scheme. A check angle on a fourth shore station 

should be measured at each of these fixes, if practicable. Current observations should be made in the vicinity at the time these fixes 
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are observed. ‘The three angles in each successive triangle are next measured simultaneously (see 2282) by sextant observers stationed 

at the respective buoys in turn until a buoy is reached which may be located by a three-point fix on shore stations to tie the scheme 

again to shore control (see J in fig. 32). The observed angles should be read to half minutes, and careful simultaneous observations 

should result in triangle closure errors no greater than 4 minutes per triangle. 

Current observations are required at the tie-in buoys at ends of the scheme, but not at the intermediate buoys unless the current 

is dissimilar at the three buoys of a triangle. 

The position computations for this type of scheme are made on the regular forms for the computation of geodetic positions. Buoys 

A and B are computed by the three-point problem on Form 655, the resulting data being used to solve the triangles on Form 25 and 

compute the positions on Form 27. The resulting positions are reduced to the anchor positions from the current data, and the length 

and azimuth of the line AB are computed on Form 662, Inverse Position Computation. (See 2511.) Positions are then computed 

for all buoys, including buoy J. Buoy J is also computed from the three-point fix and the resulting position is reduced to the anchor 

position as for buoys A and B. 

The two positions of buoy J will rarely agree within plottable limits and it will be necessary to adjust the positions in the scheme 

for the discrepancy. The accuracy of the method does not warrant a least-square adjustment, and a proportional adjustment through 

the scheme is sufficient. In the scheme illustrated seven triangles were used between the starting base 4B and buoy J. Accepting 

the positions of buoys A and Bas correct, one-seventh of the discrepancy at buoy J should be applied to buoy C, two-sevenths to buoy 

D, three-sevenths to buoy £, etc., and the three-point fix position of buoy J should be accepted. These adjustments are made as cor- 

rections to the latitudes and longitudes of the original computed positions, based on the differences of latitude and longitude for the 

two positions of buoy J. 

2555. Buoy Triangulation—Quadrilaterals 

Two lines of buoys anchored to form well-shaped quadrilaterals may be used instead 
of the scheme of single triangles described in 2554. A scheme such as that shown in 

figure 33 will be found useful for the survey of a wide shoal area extending offshore, 
where a single line of buoys would not furnish adequate control. 
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FIGURE 33.—Buoys located by sextant triangulation (quadrilaterals). 

The necessary observations and position computations are similar to those described in 2554, where three-point sextant fixes are 

measured at the initial buoys 4 and B and current observations are obtained by which the observed positions can be reduced to the 

anchor positions. Simultaneous sextant angles are measured at the four buoys in each quadrilateral in succession, but two sets of obser- 

vations are made in each so that the angles of each pair of triangles are measured independently. In the first set, angles are measured 

as follows: the observers at A measure the angles BAD and DAC and the observers at D measure the angles CDA and ADB, while 

observers at Band Cmeasure only the sum angles DBA and ACDrespectively. Following this the angle measurements are repeated, 

but this time the observers at A and D measure only the sum angles and the observers at B and C measure the two separate angles at 

each buoy station. In like manner, simultaneous angles are measured in each quadrilateral of the scheme. 

The two sets of independent observations, when obtained as described above, will furnish data permitting two independent sets of 

position computations through the scheme, each starting from the base AB. One set of computations is made through the diagonals 

AD, CF, EH, and G Kk and the other through the diagonals BC, DE, FG, and HJ. The resulting positions will differ slightly and their 

means should be used to plot the positions on the smooth sheet. 
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256. Buoy-ConTROL SCHEMES FOR LOCATION BY TAUT-WIRE TRAVERSE 

2561. Line of Traverse Buoys Parallel to the Coast 

Buoys anchored in a line approximately parallel with the general direction of the 

coastline can often be used advantageously to supplement the shore control in areas 

where the latter alone does not provide strong three-point fixes. This type of scheme 

provides economic offshore control between two coastal localities at which the end 
stations of a line of buoys may be located by sextant fixes to prominent shore objects, 
the hydrography in the intermediate area being controlled by buoy stations. The 

scheme may also be used to advantage along a broken coastline where it is necessary to 
establish control for inshore hydrography. 
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FIGURE 34.—Line of buoys parallel to the coast. 

The scheme consists of a number of buoys anchored in a line between A and H (fig. 34) where strong position determinations 

may be made by sextant fixes. A uniform accuracy ofthe positions of all buoys inascheme of this character is obtained by observing 

sun azimuths between adjacent buoys, measuring the distances between buoys with taut wire, and computing and adjusting the scheme 

asa traverse. The position of buoy A is computed from the sextant angles by the three-point problem and reduced to the position of 

the anchor. (See 2512.) This position is used to compute the succeeding positions through the traverse, using the observed sun 

azimuths and measured taut-wire distances, to arrive at a traverse position of buoy H. The three-point sextant fix at buoy H is also 

computed by the three-point problem and reduced to the position of the anchor, which is held fixed. The difference between the 

latter and the traverse position of buoy H/ is the traverse error. The position of each intermediate station in the traverse is corrected 

by a proportional amount.of this error according to its distance from the origin of the traverse at buoy A. (See 2554.) 

In some such schemes it may be possible to measure at each buoy one large sextant 
angle whose locus is approximately parallel to the line of buoys. Where this is possible 

the azimuth of the line can be controlled much better by the angles than by sun azimuths. 
In such eases the positions should be determined from a graphic plot on an alumimum- 
mounted sheet. The locus of the angle at each buoy station is plotted on the sheet (see 

7625) and the distances between successive stations are plotted on these loci, from the 
fixed position at one end of the line to the fixed position at the other end, the adjust- 

ments for closure being made graphically. The three-point fixes and the loci are 
plotted with a metal protractor. 

In such a scheme,weak three-point fixes of doubtful accuracy should not be used for 
locating intermediate buoys nor used to adjust the traverse in sections, because larger 

errors are probable than should result from an adjustment between the two end stations 
where reliable positions are obtained. 
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2562. Traverse for Three-Point Fix Control 

In an area where shoal depths extend a considerable distance offshore and the 

hydrographic survey must be controlled by sextant fixes for a close development, a 

system of closely spaced lines of buoys may be required. Control of this type has 
practically replaced the tall hydrographic shore signals which were formerly used as 
control for such surveys (see 2721). Buoys are now anchored comparatively close to 

the coastline or at positions where strong sextant fixes are obtainable, and large areas 
are controlled entirely by systems of lines of buoys tied to these fixed positions. The 
present trend is toward a wider spacing between lines of buoys in areas where R.A.R. 
methods operate efficiently, the hydrography in the mid-areas where sextant fixes 

cannot be obtained being controlled from sono-radio buoys located at strategic places 
in the system. 

A typical scheme is shown in figure 35. Buoys are anchored in a line from A to B normal to the general trend of the coastline 

until the desired distance offshore is reached, then the direction of the line is changed to parallel the coastline from B to H, where 

the direction is again changed to normal to the coastline to a shore connection at buoy J. If the sounding lines are to be run norma | 

to the coastline, the direction of the intermediate lines of buoys should also be normal to the coastline, as shown in the sketch, but if 

the sounding lines are to be run parallel to the coastline, the intermediate lines of buoys should preferably parallel the line between 

buoys B and 77. 
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FIGURE 35.—Buoy control for three-point fixes. 

The most accurate positions are obtained if all of the distances between adjacent buoys in lines are measured with taut wire 

However, this is not necessary, for the intermediate lines may be located as shown between buoys # and K, in which case the total 

distance to be measured by taut wire would be 8 percent less in the scheme illustrated. The distances between buoys in the inter- 

mediate lines may be measured by log, as illustrated in the line between buoys G and Z, in which case 48 percent of the taut wire 

would be saved. Distances measured in both directions by two well-rated taffrail logs or a submerged log are considered sufficiently 

accurate for buoy control, provided both ends of the line are accurately located and a proportional adjustment of the closing error 

is made. An additional line of buoys, as shown from M to N, may be located by sextant fixes from the stations in a well-located line. 

The space between lines must be less, of course, but a second line of buoys should never be located by sextant angles from the first 

line so located, because this cannot be done with sufficient accuracy. 

In a scheme of this type the lines of buoys from A to B, B to H, and H to J are usually computed and adjusted as a loop traverse 

(see 944) and each intermediate line is then computed from the traverse position of the buoy in the loop to the inshore buoy whose 

position is fixed by sextant observations on shore stations. If taut-wire distances and sun azimuths are measured between all adjacent 

buoys in line, the computations and adjustments may be made between each successive shore connection. The loop ABCJ would be 

computed first and adjusted, and with the adjusted position of buoy C held fixed, the loop CHK would be computed, followed in like 

manner in each succeeding loop. This procedure is advisable when the final computations and adjusted positions are needed as the 

survey progresses along the coast. 
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2563. Traverse With Added Shore Connections 

Where buoy stations are established for inshore hydrographic control it is frequently 

possible and advisable to obtain additional shore connections where the configuration 
of the coastline permits. Occasional shore connections increase the accuracy of posi- 
tions in a buoy traverse and should be made when they require little additional time. 

In the scheme illustrated in figure 36, established for the control of hydrography beyond the visibility of shore signals, it is possible, 

or necessary, to establish additional buoys in two lines extending inshore from buoy C and at each inshore buoy it is possible to obtain 

a strong three-point fix to shore stations. The same taut-wire sun-azimuth measurements are required in this type of scheme, but 

he computations differ in that a mean position of buoy C is determined to which all the lines are adjusted. 
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FIGURE 36.—Buoys located by traverse with additional shore connections, 

Each buoy line, from A to C, F to C, G to C, and EF to C, is computed from the fixed position of the inshore buoy in the respective 

line, resulting in four independent positions of buoy C. A mean position of buoy Cis found by weighting the four positions inversely 

according to the lengths of the respective lines. The positions in each traverse line are then adjusted proportionally to the fixed posi- 

tions of the inshore buoys and the mean position of buoy C. 

Also illustrated in figure 36 is a short line of buoys extending from buoy B to buoy H. This is called a spur line and all of the 

positions in such a line are located with the same accurate observations, but it is adjusted by applying the correction to buoy B to 

all buoy positions in the spur line, without additional adjustment. 

2564. Traverse to Establish Datum 

A carefully planned buoy traverse may be used to extend a geodetic datum to an 

isolated island, where it is impossible or difficult to do so by triangulation. If the 

distances are measured with an accurately calibrated taut-wire apparatus and the sun 

azimuths are observed carefully, the datum provided by the traverse will be suf- 

ficiently accurate for charting purposes. 
The lines of buoys should be planned to extend from the adjacent land areas to 

the isolated island by the shortest practicable distances, and from points where strong 

determinations may be obtained from established triangulation stations. (See fig. 37.) 

Each buoy traverse should be practically straight and the two should be approximately 

at right angles to each other. The interval between buoys should be a maximum in 
order to reduce azimuth errors to a minimum. The sun azimuths must be observed 
with unusual care and the necessary. data must be obtained for correcting the azimuths 
to the anchor positions of the buoys (see 9432). Each buoy traverse must be measured 



PAG 141 CONTROL AND SIGNAL BUILDING 257 

in one continuous operation to eliminate any error that might resuit if it were measured 

in sections. The positions of the end buoys at A and C (fig. 37) should be determined 

from theodolite angles measured simultaneously at three or more shore stations. 

v 
orem GAC 

oe 

10 20 30 Miles 
1 1 ] 

Approximate Scale 

FIGURE 37.—Taut-wire sun-azimuth traverse to extend geodetic datum. 

The traverse, starting at buoy A, running to buoy B, and continuing to a shore 

connection at buoy C is computed as an ordinary traverse but with extra care and 
refinement to obtain greater accuracy. A point connection is made at buoy Bb by 

simultaneous observations from three shore stations on the isolated island which, 

combined with a base and azimuth measurement, will furnish the required data from 

which the geographic positions of the stations on the island may be computed. The 

accuracy of such a scheme, although not as high as where a single straight traverse is 

used, will be indicated by the traverse closure. . 

A more accurate value of the distance will be obtained if the buoy traverse can be 

arranged to extend in one straight line from the initial station to the tie-in station, 

passing the isolated island at a satisfactory distance so that a point connection may 

be made. This, however, will seldom be possible or economic in practice. 

A traverse for this purpose should never consist solely of measurements in two 
directions along the same line of buoys (from A to B and from B to A) and computed 

and adjusted as a closed traverse, for an apparently excellent agreement in distance 

might be obtained, even though the taut-wire calibration were considerably in error. 

257. Buoy-ConTROL SCHEMES FOR LOCATION BY OTHER METHODS 

2571. Astronomic Location in an Isolated System 

To survey adequately an isolated offshore shoal area of critical depths, buoy 

stations are required for control of a system of closely spaced sounding lines. — If the 
area is so far from shore stations that a taut-wire traverse connection is impracticable, 

the geographic position of the survey is generally based on independent sextant astrono- 
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mic observations. This gives sufficient accuracy for charting the survey, but the 
principal object is to coordinate the survey as a whole. 
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FIGURE 38.—Buoy control for an isolated offshore shoal. 

The buoy station to be located by astronomic observations should be anchored 

near the center of the area or in shoal water near the critical depths, as at A in figure 

38. Observations to determine the position of this buoy should be made as described 
in 2535. From this buoy as an origin, buoys are anchored in lines approximately along 

the axis of the shoal so as to furnish control in the most efficient manner. Taut-wire 
sun-azimuth measurements are made along these lines of buoys, which are computed 

as unadjusted traverses. (See 2525.) It is wasted effort to locate the end stations by 

sextant astronomic observations for the purpose of adjusting the traverse between 
them, because the traverse measurements are much more accurate than the astro- 
nomic observations. 

2572. Stations for R.A.R. Control 

Along certain types of coasts it is practicable to establish R.A.R. stations far 
enough offshore so that surveys can be controlled by this method to the desired offshore 
limits. Along the Pacific Coast and the coast of Alaska the positions of sono-radio 

buoys may be determined on clear days at a considerable distance offshore by three- 

point fixes on high mountain peaks whose positions are known. 
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FIGURE 39.—R.A.R. stations located by three-point fixes and acoustic distances. 

Frequently only one line of R.A.R. stations is necessary to furnish the control 
for the desired offshore area, but stations must be so distributed that returns from 

at least three R.A.R. stations may be expected throughout the area to be surveyed. 
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(Fig. 39.) The selection of sites for stations will depend principally on the effective- 

ness of R.A.R. in the particular locality. 
The offshore limit of the area to be surveyed is frequently beyond the limit of reli- 

able acoustic distances and R.A.R. stations must be established farther offshore to 
furnish reliable control. Shore stations may not be visible from these offshore posi- 
tions to provide three-point fix locations of the R.A.R. stations, but they may be 
located by acoustic distances by the method described in 2533. 

2573. Traverse for R.A.R. Control 

Where the hydrographic survey of an offshore shoal area is to be controlled by 
R.A.R. methods, but the coast is so low that shore signals are visible for only a short 

distance offshore, a buoy traverse may be used to extend the control to the offshore 
area, and from buoy positions so determined, R.A.R. stations may be located farther 

offshore by acoustic distances. This method is frequently used on the Atlantic and 

Gulf Coasts where inshore areas have been previously surveyed and it is desirable to 
extend control to offshore areas in a rapid and economic manner. 
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FIGURE 40,—Sono-radio buoys located by traverse and acoustic distances. 

The lines of buoy stations between A, C, H, and J in figure 40 are located and 

observed so that they may be computed and adjusted as a closed traverse between 
fixed positions at A and J (see 944). The distance between adjacent buoys in the area 
previously surveyed may be a maximum, but the buoys in the area to be surveyed 
should be spaced to provide for three-point fixes if it is desired to control the area adja- 
cent to the buoy lines by this method. Frequently, in an area of this character, the 

buoys in the traverse may be spaced at a maximum distance throughout and the entire 
area controlled by R.A.R. methods. 

Sono-radio buoys are located at intervals in the traverse line, as indicated by the 
double concentric circle symbols, which are lettered from B to J in the figure. The 
required distance between adjacent sono-radio buoys depends on the efficiency of 
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the R.A.R. method. Sono-radio buoys placed 12 or 15 miles apart will usually furnish 

adequate control in an average area, but they must be spaced at closer intervals where 
the R.A.R. method is limited to short acoustic distances. 

Other sono-radio buoys are anchored offshore from the traverse line and these are 

located by acoustic distances from the sono-radio buoys in the traverse (see 2533). It 
is important to place these stations close enough to the traverse line to be well within 
the limits of reliable returns, and each should be anchored at unequal distances from 
the traverse stations from which distances are to be measured, to prevent the returns 

from two stations being recorded simultaneously on the chronograph tape and being 

unidentifiable (see 6814). 

The time intervals are usually measured with the source of sound located at the 

stations whose positions are to be determined, but where the buoys to be located are 
sono-radio buoys, the source of sound may be located at any ordinary buoy station in 

the traverse. It is frequently possible and desirable to measure the time intervals in 
both directions; first when the offshore stations are anchored, and subsequently just 

before the sono-radio buoys in the traverse line are weighed, or at any time the vessel 

is in the vicinity of a station at one end of a line whose length is to be determined. 
It is advisable to measure the time intervals between two stations as often as it 1s con- 
venient to do so without consuming too much time, for each additional measurement 

increases the strength of the position determination, if reliable data are obtained 
(see 2533). 

In an extensive area it is frequently necessary to establish R.A.R. stations still 

farther offshore, and where the R.A.R. method operates efficiently the positions of these 
may be located by acoustic distances from the stations first so located. If the acoustic 
distances are not sufficiently reliable for this, the positions may be materially strength- 
ened by measuring, with taut wire, the offshore distance from a station in the traverse 

line. In figure 40, the distance from buoy F, in the traverse line, to buoy Z and the 
distance from buoy LZ to buoy P, the offshore sono-radio buoy, would be measured by 
taut wire. These measurements will serve to strengthen the entire scheme for they 
will provide comparatively accurate offshore distances of buoys Z and P. In an area 

controlled by R.A.R. methods a dependable offshore distance has an additional value, 

for it may be used for an experimental determination of the velocity of sound (see 6352). 
The adjusted positions of the stations in the traverse are determined by ‘the 

regular computations for a traverse (see 2525 and 2561). The positions of the stations 
located by acoustic distances are determined from a graphic plot on an aluminum- 

mounted sheet of sufficient size to include the required traverse stations on a scale 

slightly larger than the smooth sheet. If aluminum-mounted topographic sheets are 
used, two or more may be required, or a grained aluminum sheet of sufficient size may 

be used (see 7131). The computed positions of only the required traverse stations are 
plotted by dms. and dps. and the acoustic distances to each station are plotted with a 
beam compass, the required positions being determined as explained in 2533. The 

taut-wire distances are also plotted with a beam compass but they are accepted as 

correct, and the positions of the respective stations must be accepted on the ares repre- 

senting taut-wire distances. 

2574. Subaqueous Quadrilaterals 

In offshore areas where the general depths permit anchoring buoys but are not so 

shoal as to require closely spaced lines, a system of control by R.A.R. methods may 

be located entirely by subaqueous sound ranging. The method is limited to localities 
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where subaqueous distances may be reliably measured, but its accuracy depends pri- 
marily on the accuracy with which the velocity of sound in sea water may be deter- 
mined (see 635). In an area of moderate and uniform depths, where the velocity may 
be determined within 2 meters per second, positions of the control stations sufficiently 
accurate for the survey of an offshore area may be obtained by this method. 

The scheme, as illustrated in figure 41, may be compared to a system of triangu- 

lation quadrilaterals in which the lengths of all sides and diagonals are measured, 
instead of the angles. Instead of being planned for intervisibility between stations, the 
scheme must be planned so that the distances between stations in the same quadrilateral 
are considerably less than the maximum expected to be reliably measured by subaque- 
ous sound ranging. 
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FIGURE 41.—Sono-radio buoys located by acoustic distances. 

Sono-radio buoys are anchored at stations A and B at a suitable distance offshore 
and located by subaqueous distances from successive ship positions 1 to 5 determined 
by three-point sextant fixes on shore stations (see 2534). This establishes a base AB 

whose length is further checked by subaqueous distances measured at both ends of the 
line (see 2533), and from which the scheme is extended into the offshore area. Addi- 

tional sono-radio buoys are anchored to form quadrilaterals with sides of slightly unequal 
lengths, so that, when measured, the bomb returns will not be recorded simultaneously 
on the chronograph tape (see 6814). It is desirable that the time intervals be meas- 

ured over each line in both directions in order to obtain a double determination of the 
distance. This will generally be possible, but it will require at least six sono-radio 
buoys, so that one may be placed at each station of two adjacent quadrilaterals. After 
the required time intervals have been measured in adjoining quadrilaterals, the two 
inshore sono-radio buoys may be replaced by ordinary buoys and anchored at the 

next offshore stations. If stable velocity conditions exist, which are likely to worsen 

later, this procedure should be continued until all of the stations which will be required 
in the area have been determined. 

It is usually neither necessary nor practicable to connect both ends of a scheme of 
this type to shore stations for it generally extends into deep water where less accuracy 
may be tolerated. If it is feasible to do so, however, the scheme should be extended 

to another shore connection, in which case a proportional adjustment of the closing 

error should be made. It might be possible to extend the scheme in the same general 
‘lirection to a land area with control stations computed on the same datum; or it might 

4653882—44——11 
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be practicable to connect the offshore end of the scheme with another similar scheme 
approximately parallel to it extending offshore from the adjacent land area. 

At times when, and in areas where, the R.A.R. method of control operates efficiently, 
the size of the quadrilaterals may be large, but they must be correspondingly reduced 
in an area in which the method is not so efficient. Banks and irregular depths in the 
inshore areas frequently interfere with the measurement of subaqueous distances and 
it is necessary to start the scheme from a closed taut-wire traverse. The traverse need 
extend offshore only far enough to establish reliable positions beyond the area of irregu- 
lar depths, the remaining stations in the scheme being located from the positions of 
sono-radio buoys in the traverse (see 2573). 

In a scheme of this character it is likely that the lengths of certain lines cannot be 
measured by subaqueous methods because of shoals or intervening irregular depths 
within the area. Such a line may be measured by taut wire or by one of the two meth- 
ods illustrated in figure 41. The diagonal between buoys / and G could not be meas- 

- ured, but the position of buoy G, determined by measurements of the distances from - 
F to G and H to G, may be verified by a distance to buoy G obtained from position 6 
which in turn has been located by acoustic distances from C, F, and EH. A position for 
this purpose must be carefully selected so that it may be accurately determined and the 
measurements must be made with extra care. 

A position on the shoal, as shown at position 7, should be used with extreme cau- 
tion. A return will probably be received from buoy G but, because of the intervening 
shoal, the path of the sound wave is uncertain and consequently there will be uncer- 
tainty in the computed distance. 

In the adjoining quadrilateral neither of the diagonals could be measured directly 
because of an intervening shoal, but from the supplemental buoy J it was possible to 
measure distances to the four buoys at the corners of the quadrilateral. With these 
and the sides of the quadrilateral measured, an adjusted graphic plot will determine the 

coordinated positions. 
Positions in a scheme of this type are determined by a graphic plot on one or more 

aluminum-mounted sheets as explained in 2573. 
Offshore areas are likely to contain shoals which require thorough development 

and lines of soundings more closely spaced than is practicable by R.A.R. On or near 
such an area a line of buoys may be anchored to furnish control for three-point fixes. 
The buoys should be established in a line parallel to the axis of the shoal. The end 
buoys, L and M in figure 41, are located by subaqueous distances from the adjacent 
sono-radio buoys. The intermediate buoys in the line are located by sun azimuths and 
taut-wire distances and their positions are computed as an adjusted traverse between 
the end buoys (see 2561). The positions of the survey buoys, when located in this 

manner, are referenced with sufficient accuracy to the positions of the sono-radio buoys 
so that the positions in the entire scheme are adequately coordinated. 

258. STatistics OF Buoy-CONTROLLED SURVEYS 

Hydrographic surveys in areas where buoy stations are required for the control, 
either for sextant fixes or R.A.R. methods, are different from hydrographic surveys 

controlled from shore stations. They require a different planning and a different 
technique of execution. The tabulation is intended as a guide to the requirements and 
possible results to be expected under different conditions in different areas. The statis- 
tics are from actual typical projects controlled by the different types of buoy schemes 
described in 255, 256, and 257. General information regarding each project is given. 
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TABLE 5.—Statistics of typical hydrographic survey projects using buoy control 

(1) (2) (3) (4) (5) 

Gulf of Gulf of Pacific Atlantic Gulf of 
Mexico, Mexico, Coast, Coast, Maine, 

1938 1939 1933 1939 . 1940 

Souncdiumewimesse= se see oe (statute miles)__| 15, 260 | 17,621 | 13, 407 | 10, 496 1, SRY 
HixedepOsItlONS™ cass es Ske ne (number)-__| 20, 310 | 18, 015 4, 248 7, 503 10, 992 
AIR so ee (square statute miles)__| 10, 331 | 36, 758 | 15, 874 8, 562 8, 901 
Control buoy stations, including sono-radio 

(number) __ 252 syed eee 84 53 
RMAMRMISTAtIONS= 22 eee ee ee doe Roe ee 32 7 24 22, 
shautswareitraverse: = — 22.22.22... (statute miles) __ 819 DiSelsa2 271 96 
Serial temperature stations____________ (number) - 119 44 50 135 138 
Hirimitrovolwene: GlNGa)i= 22-2205. 2 (pounds) 23 | === 2,263 (7) 3}, Oli 5, 200 
PURO. os Sece ae ee ee eee (eet) S| See (1) (2) 4,170 5, 300 
BOMbstavallOUS|SIZCS = a= se @iumiber) =| aaa 1, 607 2, 083 5, 506 8, 904 
Motaleworkineidayss= 2222 .2- 5222-4 25-i5.2 domes 154 136 298 101 107 
Dayseuonestablishicontrolae 25.25. 2-52. 3aee dolz== 24 15 28 18 18 
Mileage of survey vessel___-_-_ (nautical miles) _____ 19, 8372 | 24, 400 | 18, 906 | 16, 481 20, 564 

1 Data not available. 

Column 1.—Statistics of a project of offshore surveys off the Texas Coast from April 18 to November 11, 1988. The surveys were 

plotted on six 1:40,000 scale sheets and two 1:80,000 scale sheets and were controlled almost entirely by three-point sextant fixes and 

dead reckoning from buoys established in a scheme similar to that described in 2562. 

Column 2.—A season’s project of offshore surveys off the Texas and Louisiana Coasts from April 25 to November 13, 1939. The 

season’s hydrography was plotted on three 1:20,000 scale sheets, four 1:40,000 scale sheets, two 1:80,000 scale sheets, and one 1:240,000 

scalesheet. Thesurveys were controlled by three-point sextant fixes and R.A.R. methods from a combination of theschemes described 

in 2562 and 2573. 

Column 3.—The surveys of this project off the coast of Southern California were plotted on three 1:20,000 scale sheets, six 1:40,000 

scale sheets, and three 1:120,000 scale sheets during the period between December 5, 1932, and January 30,1934. The control was by 

R.A.R. methods using seven shore stations, supplemented by three-point fixes where shore signals were visible. The R.A.R. stations 

were established along the shore in a manner similar to that described in 2572. 

Column 4.—The statistics in this column are from an offshore survey of Nantucket Shoals and the adjacent continental slope plotted 

on one 1:60,000 scale sheet and two 1:120,000 scale sheets. The surveys, between May 2 and September 25, 1939, were controlled exclu- 

sively by R.A.R. methods, the buoys being established in a scheme similar to that described in 2573. 

Column §.—An offshore project in the Gulf of Maine controlled entirely by R.A.R. methods and plotted on two 1:120,000 scale 

sheets. The surveys were started on April 12, 1940, and the season’s work ended on September 12. The control was established by 

the method described in 2574, from stations located by taut-wire traverse just beyond the inshore shoals. 

26. R.A.R. STATIONS 

In addition to sono-radio buoys (see 284 and sections 64 and 65), R.A.R. shore 
stations and ship stations may be, used to receive subaqueous sound and transmit the 

instant of its arrival to the survey ship. Sono-radio buoy stations are in general use 
for R.A.R. control, but it may be that shore stations can be advantageously substituted 
for them in some areas. 

261. R.A.R. SHoRE STaTIoNns 

During the early use of R.A.R., shore stations were used exclusively for receiving 
stations, but the completely automatic sono-radio buoy is now used exclusively on the 
Atlantic and Gulf Coasts and probably has replaced the shore station almost entirely. 
On the Pacific Coast and in Alaska, where deep water approaches the shore and strong 
currents make the use of sono-radio buoys difficult, shore stations may still be useful. 
The general arrangement of an R.A.R. shore station is shown in figure 42. 

2611. Selection of Shore Station Sites 

R.A.R. shore stations for hydrographic control should be established along a coast 
as outlined in 2572. On the open coast ideal sites are rarely available where needed 
and often a site lacking one or more of the requirements must be accepted. The re- 
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quirements for a shore station site, in the approximate order of their importance, are 
as follows: 

(a) The shore station site must be within a reasonable distance of the hydrophone (see 2612) 

and usually convenient thereto. If practicable the hydrophone site should be visible from it so that 

the station Operator can notify the ship personnel when small boats cause interference. 

(b) It must be accessible by water or overland transportation. 

(c) Fresh water should be available at the station and supplies should be obtainable in the 

vicinity for the station personnel. 
(d) It is desirable to house the station and personnel in existing facilities on shore, otherwise a 

house must be built or tents erected for this purpose. 

cay} 
mare = 

pa) aie ob 
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1k => y 

HYDROPHONE SUSPENDED FROM 7 TO 10 FATHOMS 

@- BELOW SURFACE 

===.’ RUBBER COVERED CABLE 

= ee ea ANCHOR, 60 TO 100 POUNDS: — SMALL BOAT =e IN 15 TO 20 FATHOMS 
ests ANCHOR 

FIGURE 42.—R.A.R. shore station (general arrangement). 

2612. Hydrophone 

The hydrophone unit used in the shore station equipment must be in a light con- 

tainer of sufficient size and displacement to furnish buoyancy. It should be provided 
with a valve and be strong and tight enough to contain air under pressure (see 6563, 

Vincent Hydrophone). A large container, 24 inches in diameter, made of \-inch boiler 
plate, has been used successfully with about 35 pounds of air pressure. 

The hydrophone is anchored in depths of 15 to 20 fathoms (see fig. 42) so that it 
floats submerged 7 to 10 fathoms below the surface of the water. An anchor of scrap 
iron, weighing from 60 to 100 pounds, is attached 5 to 13 fathoms from the end of the 

cable to which the hydrophone is attached. This holds the unit at the desired depth 
below the surface. One end of a length of %-inch wire rope, about as long as the water 

is deep, is attached to the hydrophone anchor and stretched along the bottom, a small 

boat anchor being attached to the other end. A small marker buoy is secured to the 
boat anchor for use in recovering the hydrophone. The hydrophone and the buoy 
must be separated far enough so that there is no likelihood of the hydrophone becoming ~ 

fouled. All connections and shackles must be made tight so that the motion of the 

water cannot possibly make them clank or rattle in the slightest, to cause unwanted 
noises in the hydrophone. 

a. Hydrophone site-—The selection of the hydrophone site is the most important 

factor in the establishment of a shore station. The hydrophone should be located at 
the edge of a slope into deep offshore water. Shoals and submarine valleys between 
the hydrophone and the area being surveyed are apt to interfere seriously with the 

transmission of sound. The hydrophone should be located as close as practicable to 
the beach so that only a short length of cable is necessary. 
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The conditions between the hydrophone and the shore will affect cable-laying 
operations to an important degree. A beach and a sea bottom of smooth sand, free 

from rocks, are most desirable; rocky kelp-covered ledges are most unfavorable. Land- 

ing of cable through the surf is difficult and in general can be done only when there is 
little swell. In some cases it may be possible to avoid delay in establishing a shore 
station by selecting a hydrophone site near a cove or small bay that affords a protected 
landing. 

2613. Cable 

Two types of cable are used in installing shore-station hydrophones. On rocky 
bottom, in areas of kelp, and through the surf, a heavy-duty cable is required. The 
specifications for this cable are as follows: 

Cable, armored, 14-inch center of 19-wire tinned aircraft strand, insulated with 342-inch ignition cable compound of at least 33 per- 

cent pure rubber, covered with double braid and armored with 14 wires of No. 14, B.W.G. double-galvanized wire. 

On smooth bottom in an area where it will not be chafed, a light-duty cable of 
the following specifications is used: 

Cable, 14-inch center of 19-wire tinned aircraft strand, insulated with 542-inch ignition cable compound of at least 33 percent pure 

rubber. 

This cable is very strong but it is so light that it will not bury itself in sand. It may be 
used between the hydrophone and the outer line of breakers. Where the bottom is 

sandy and the sea smooth with rarely any breakers, it has been used for the entire 
installation from hydrophone to shore with fairly good results. As single-conductor 

cable is used in most shore-station installations, a ground must be provided at both 
ends. At the offshore end, the metal case of the hydrophone in contact with the water 

has been found satisfactory; and at the shore end, a connection to a metal rod driven 
in the ground will usually suffice. 

Hydrophone cable should be tested for leaks or shorts before use. An approved 
method of testing is to submerge the entire reel of cable in sea water, except one end 
used for the measurements. The other end of the cable, if it is submerged, must be 

made watertight. The resistance between the conductor cable and sea water may be 
measured with a 150-volt megger. For a 3,000-foot length of cable, the leakage resis- 

tance should be not less than 10,000 ohms. 
To locate a leak in a cable, it may be run through sea water so that only about 10 

feet is submerged at a time, the leakage resistance being measured continuously mean- 
while. A sudden deflection of the pointer of the megger will indicate that the cable is 
leaking where it enters the water. 

All splices in a hydrophone cable must be soldered, mainly for strength, and each 
splice should be covered with several layers of Paré-rubber tape which, in turn, is 
covered with several layers of friction tape. 

A magnetic unit of low impedance, in which other favorable characteristics have 
not been sacrificed, should be used, if obtainable, because it is less affected by leakage 
than other types are. 

a. Laying cable.—If the selected hydrophone site is in an inadequately surveyed 
area, a hasty survey of the vicinity should be made on a special boat sheet. Several 
short sounding lines in the vicinity of the proposed hydrophone anchorage and several 
sounding Jines between there and the beach should suffice. The best spot for anchoring 
the hydreriione can then be selected, the exact depth will be known, and the 

approximate lengths of different types of cable required may be determined. 
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The survey ship, or a launch, should anchor at the approximate position of the 
hydrophone. The tested cable, wound on a reel with the heavy-duty cable on top, is 
placed in a whaleboat or motor sailer so that it may be readily unreeled. The small 
boat with the cable proceeds to the beach, or to a safe anchorage just offshore from the 
breakers from where the cable is hauled ashore by a heaving line. Heavy surf or a 
wide stretch of breakers may necessitate the use of a Lyle gun to shoot the line ashore, 
or the laying may have to be postponed until sea conditions are more favorable. After 
the end of the cable has been pulled ashore and secured, the small boat heads toward 
the anchored ship, paying out the cable. When the ship is reached, the end of the 
cable is passed aboard where it is spliced to the hydrophone, and the anchoring assembly 
as described in 2612 is attached. The hydrophone anchor is first lowered by a trip 
line, followed by the buoy anchor which is anchored as far from the hydrophone anchor 

as the wire rope connecting them will permit. 

2614. Electric Equipment 

The electric circuits of the amplifier and transmitter may be identical with the sono- 

radio buoy circuits (see section 65), except that 6-volt transmitting tubes are used 

because they are more reliable and there is not the same need to conserve power. And a 
separate bomb-listening circuit may be incorporated in the amplifier. There are numer- 
ous advantages to be gained from the latter. Some of these are: the gain of the listening 
circuit may be controlled independently from the main amplifier, interaction between 

the listening circuit and the main amplifier is reduced, and spurious noises caused by 

the operation of the keying circuit and radio transmitter are eliminated from the listen- 
ing circuit. 

Another useful arrangement is to connect the radio transmitter to the amplifier 
so that the circuit may be kept open at all times except while held closed manually, 
as by a push button in the circuit. The push button can be pressed a few seconds 
before the expected arrival of a bomb signal, the time being judged from the approx- 
imate distance of the ship from the hydrophone. In this way the radio transmitter 

is kept inoperative until just before the arrival of the bomb signal, thus reducing the 

likelihood of its being operated by water noises. 

Where the shore station is at some distance from the inshore end of the hydrophone 
cable, a two-stage amplifying booster is usually inserted about midway between the 
hydrophone and the station equipment. The booster is contained in a waterproof 
box, located well inshore from the high-water line at a protected place. It may contain 

its own power supply or be supplied with power from the shore station. The inshore 
end of the hydrophone cable is connected to the booster, a land line extending from 
there to the shore station. The gain of the booster amplifier is fixed and any necessary 
change in gain is made at the shore station amplifier. 

The electric equipment is battery operated, because an a-c power supply is rarely 

available where shore stations are needed. <A portable gasoline-driven generator is 

needed for charging the batteries. 

2615. Antenna 

The antenna may be erected between two trees from which the interfering branches 
have been removed. If trees are not available it is generally necessary to erect two 
well-guyed masts at a suitable distance apart. The axis of the antenna should be 

approximately at right angles to the area to be surveyed. 
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Where the supporting structures can be placed far enough apart, the length of the 
antenna should be one-half the wave length according to the formula: 

OA 
antenna EN 

where /=wave length (in meters). 

c=velocity of radio waves (300,000,000 meters per second). 

f=frequency of radio waves to be transmitted (in cycles per second). 

The antenna should be as high above the ground as the supporting structures will 

permit, but under no circumstances should this be less than 15 feet. The antenna 
should be insulated at each end by means of high quality strain insulators. 

The radio set may be connected to the antenna by a transmission line composed 
of a single wire or several wires spaced by insulating spreaders. The connection may 
be made to either the end or center of the antenna. 

2616. Radio Frequencies 

The shore station radio transmitters operate on frequencies ranging from 1,700 ke. 

to 5,000 ke. For distances involved in R.A.R., frequencies with this range will give 
the most consistent results for day and night operations. The particular frequency 
within this range is selected by determining in advance which one of the available 

frequencies is most free, in the project area, from interference from other radio stations. 
Quartz crystals to fix the frequency of the transmitter should then be requested from 
the Washington Office. Shore stations should have on hand crystals for the 1,700, 
2,000, and 4,000 ke. bands, so that the transmitter’s frequency may be quickly changed 
if interference from other radio stations occurs on one frequency. The: frequencies 
available to the Coast and Geodetic Survey for R.A.R. purposes are listed in 6441, 

262. Suie STATIONS 

When R.A.R. control was first used on the Atlantic Coast it soon became apparent 

that shore stations could be used for only limited distances offshore, far less than was 
required for the extensive shoal areas common on that coast. Before the development 
of the sono-radio buoy, ship R.A.R. stations were employed to extend the control 
farther offshore. 

The station ship was, in reality, a mobile shore station that could be anchored near 

a located marker buoy or at a position where it could be located by sextant fixes. The 
station circuits were identical with those used at shore stations, but the hydrophone 
was buoyed and trailed astern of the ship on a cable of sufficient length to remove it 
from ship noises. On offshore surveys the relation between the hydrophone and the 
marker buoy was measured at frequent intervals and transmitted to the survey ship . 

so that the correct position of the hydrophone could be plotted on the boat sheet. 
Ship stations have not been used in R.A.R. surveys since the first successful use of 

sono-radio buoys. 
27. SIGNAL BUILDING 

271. GENERAL STATEMENT 

Hydrographic surveying consists essentially in determining the depths of the 
water at consecutive known positions of the survey vessel. There are two principal 
methods used to determine positions. The first and older is by the measurement, with 
sextants on board the vessel, of angles between visible shore objects or buoys, whose 
geographic positions are known. The second and newer is by Radio Acoustic Ranging, 
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described in chapter 6, an indirect method which does not depend on the visibility 
of objects. 

For the first method either a sufficient number of natural objects must exist or 
artificial objects must be constructed. It is with the construction of these latter, 
signals and buoys, that this section and section 28 deal. In the Coast and Geodetic 
Survey, the term signal is used loosely to indicate any sort of artificial object erected 
or established on the land for use in measuring sextant angles to locate the positions of 

survey launches and vessels engaged in sounding. A signal may be a white washed 
rock, a 100-foot tower, or a handkerchief-sized banner on a bush. The term is some- 
times even used to indicate a natural object used for control. (See 2111.) The term 

buoy is likewise used loosely to indicate any anchored floating object, with or without 
superstructure, used for control purposes. 

It is obvious that hydrographic surveying is greatly facilitated when the objects 
at the control stations are conspicuous enough to be seen readily by the observers. 
For this reason, as well as for economy and durability, natural objects such as lone 
boulders, pinnacle rocks, waterfalls, lone trees, and distinctive marks on cliffs, and 
artificial objects such as tanks, lighthouses, spires, and building gables, should be used 

for control wherever available. 
Signal structures erected at stations vary in type and size, depending on their loca- 

tion, purpose, and the materials available. Their size and elevation above high water 

depend on whether they are to be used for launch or ship hydrography and at what 
distance they need to be visible. Advantage should be taken of natural elevations of 
the ground upon which to erect signals, where they need to be seen at considerable 
distances. 

Where a signal is to be used at a long distance, the target not only must be of con- 
siderable size but must be constructed and dressed so that it will stand out in contrast 

to the background and be as conspicuous as possible. In this respect white is best 
against a dark background and black is best against the skyline, provided the target 

is elevated sufficiently or constructed so as not to blend in with ground objects. 

When white targets are used, they should be constructed to reflect as much sunlight 

as possible. The principal advantage is to be gained from a white target only when 
the sun shines on it, and one which must be pointed away from the sun can be seen 

ordinarily only from comparatively short distances. But under certain conditions, 
a white target illuminated by the sun on its inshore side will stand out conspicuously 
against a nearby dark background of trees or cliff. A sloping target will reflect the 
most sunlight and consequently will be visible at the maximum distance. The slope 
should be from 45° to 60° and the signal should be constructed and dressed in accordance 
with the conditions encountered. <A tripod structure dressed with white signal cloth 
to resemble a 9- by 9-foot tent of the centerpole type makes an excellent signal. 

Where shore signals are needed to control offshore ship hydrography in areas 
where the coastline is low and flat, targets have to be placed on high structures to be 
visible from any appreciable distance offshore. To obtain better reflection from the 
sun, it is sometimes advisable to orient the signal and target at a slight angle to the 
shoreline, rather than have it face directly offshore. This angle should not exceed 15°. 
To construct the target at an angle to give it greater reflecting power, the target boards 

can be shimmed at the bottom to give the target a Venetian-blind effect, and can be 
slightly sprung around the tower to present a convex surface to seaward. 

For the control of launch hydrography, it is seldom necessary to construct signals 
at any appreciable elevation above the high-water line. Almost any type of signal will 
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serve that can be identified from a distance of several miles. Where natural objects are 
not available, the most satisfactory and economic types of signals are those made of 
whitewash or white signal cloth. These show very distinctly against a dark back- 
ground when direct sunlight is reflected from them, but will be visible only a short 
distance if they are in shadows or during overcast weather. Consequently, it is very 
important to dress the signals in direct contrast to the background, i. e., white against 

a dark background and black against the skyline, or a combination of black and white 
when the signal shows against a light background from one direction and a dark back- 
ground from another. Red is the most satisfactory color to use against a background 
of snow, for a black target is easily confused with protruding rocks. 

‘For marking stations and erecting whatever types of signals may be needed in any 

particular region, the stores of survey vessels should include ample supplies of unslaked 
lime, signal cloth, canvas, slats, lumber, cement, cast-iron soil pipes, wire, bolts, nuts, 

nails, tacks, tools, ete. Muslin signal notices (Form 51) shall also be carried and used 
wherever there is a likelihood of signals being disturbed or destroyed by persons 
unaware of their purpose. 

Where stations and signals are to be established on private property in inhabited 
areas, permission must be obtained from the owner, and no damage to or defacement of 

property shall be made without his consent. 
Where surveys are made along the shores of publicly owned areas, such as public 

parks, National or State forests, reservations, and wildlife refuges, the superintendent 

or other official must be contacted to explain the nature of the survey and to request: 
his cooperation. This is especially important where marks are to be established, signals 

erected, or observing lines cleared through wooded areas. Satisfactory cooperation can 
usually be obtained when the nature of the work is understood, and arrangements can 

often be made to have one of the caretakers accompany the party for a day or two to 

approve the necessary clearing and help dispose of the resulting wood and brush. He 
may be hired for this purpose except when he is a federal employee: 

Where signals are erected over marked stations, precautions must be taken not 
to disturb the station and reference marks. 

For signal building, reference should also be made to Special Publication No. 234, 
Signal Building. 

272. TALL SIGNALS 

Since the extensive use of buoys for offshore hydrographic control, the need for 
very tall signals has diminished during the last 10 years. In recent hydrographic 
surveys along low flat coasts, 40 feet has been about the maximum height needed to 

furnish ample control for distances of 5 to 10 miles offshore, from which limit the 
hydrography is extended by buoy control. 

Of the types of tall signals used by the Coast and Geodetic Survey in the past, 
wooden structures approaching 100 feet in height were used very frequently, and 
portable steel towers of the same height were used occasionally. It is with these tall 

wooden structures that 272 and 2721 deal. 
Infrequently, signals have been constructed for use in triangulation to heights of 

200 feet or more, but these have not been to specifications as each one has been more or 

less of an individual case. These range from targets erected in the tops of tall redwood 

trees to towers made from bamboo poles. Other organizations have used various 

ingenious methods of erecting tall signals, one of which appears to have particular merit. 
The French have mounted clumps of cabbage palm leaves on the tops of tall tubular 
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steel poles for use in hydrographic surveys off low islands in tropic areas. The poles 

are in sections, each fitting into the other, and the height of a signal may be increased 

as desired by adding additional bottom sections, the poles being held upright by guys. 

For offshore ship hydrography, a signal must have an elevation great enough to 
overcome the curvature of the earth and be sufficiently large to be seen in a sextant at 

the required distance. The elevation above the water of the tower to be constructed 
can be computed from the formula: 

D=1.15~H 
or F 

H=—0.75 D? 

where H is the height of the tower in feet above the water, 1.15 is an approximate constant for curva- 

ture and refraction, and D is the distance in nautical miles at which the signal must be seen from the 

water level. Thus, the elevation of a signal to be just visible from the waterline 10 miles at sea 

would be 75 feet. Sextant angles are usually observed from the ship’s bridge and assuming the 

height of the eye to be 23 feet above the water, then the same signal can be seen 514 miles farther, or 

a maximum distance of 15% miles. This extra distance of 5% miles is computed from the same 

formula by solving for D, the value of H being the height of the eye above the water. 

In perfectly clear weather a signal, especially if it shows against the skyline, can be 
observed until it disappears below the horizon and often, just before disappearing, 
refraction actually makes it appear larger than it appears at a slightly closer distance. 
When the sea is rough, signals cannot be seen as far, by a considerable distance, as in 

calm weather, because of the waves between the observer and the signal. 
Many different factors must be taken into consideration in determining the height 

and size to build an object to be seen the required distance, some of which are as 

follows: The background, whether wooded, open sky, or intermittent trees and sky, 
and whether the tree line is close to or far from the signal; the direction of the shoreline, 
and whether a signal will reflect the sunlight; and the prevalent weather, whether clear 
or cloudy and overcast. A much larger target is required if cloudy or overcast weather 
is prevalent or if the signals must beso placed that there is no reflection from the sun 
during the greater part of the day. If the background behind a white signal is inter- 

-mittent woods, a much larger and more distinct signal is necessary, for a small one 
cannot be distinguished from an opening or break in the tree line. 

There is little use in making any part of the target black unless it projects well 

above the trees or skyline, in which case the entire target should be black. 

2721. Ninety-Eight Foot Signal 

The construction of a wooden signal of this type is started by building, on the ground, a quadri- 

lateral section 16 feet high and 4 feet square, which is raised into place in a hole about 8 feet square 

and 6 feet deep, so that the entire base of the tower can be buried in the ground. The bottom braces 

are doubled (one inside and one outside the legs) and are extended about 2 feet beyond the sides of the 

structure. Scrap lumber or drift wood is laid across the bottom horizontal braces. It is important 

that the first section be set exactly vertical before the hole is filled and the building continued. Its 

verticality can be ensured by setting up and leveling a small theodolite and sighting up and down 

the sides of the signal with the vertical cross hair or by sighting along the string of a plumb bob sus- 

pended at arm’s length from a position a little above the height of the eye. The structure is held in 

this vertical position by temporary guy wires while earth is tamped firmly around the base of the signal 

and the hole is filled. 
Construction is then continued, the verticality of successive sections being checked in the same 

manner as the first section and more temporary guys used, if necessary, to pull the structure a little 

one way or the other. The scaffold is 4 feet square in its horizontal section, the legs and sides being 

parallel throughout its height. Horizontal braces are nailed to the tower at 4-foot intervals and 

diagonal braces nailed between these 4-foot sections. Leg pieces, braces, and guy wires are added until 
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the desired height is reached. Braces should be cut as needed so that allowance can be made for slight 

variation in cross section and the spacing of the horizontal braces. No attempt should be made to 

cut the lumber to dimensions and shapes on board the ship or before the signal is erected. To do so is 

a waste of time and lumber because the pieces cannot be made to fit correctly since signal building is 

not a precise engineering feat. The signal may not be started truly vertical or the sides and legs may 

not be precisely parallel. These defects can be remedied as the work proceeds if the lumber is cut as 

used, but cannot be remedied if dimensioned pieces are used because they will not fit. — 

The target is composed of 40 to 60 boards spaced 4 inches apart. These boards are 4 by 6 inches 

by 12 feet in size, joined in groups of three. Vertical strips 2 by 2 by 26 inches are nailed 2 feet. from 

the outer ends of each group of target boards to serve as stiffeners and to which wires can be fastened 

to draw the ends of the target toward the landward side of the tower, so it will present a convex sur- 

face to seaward. 

The target boards should be covered with two coats of paint or with signal cloth tacked on each 

board. Experience has demonstrated that white signal cloth reflects sunlight better than white 

paint. If the boards are painted, it should be done on board ship because ashore it is difficult to 

prevent sand or dirt getting on them before the paint is dry. 

The guys are made of No. 8 galvanized iron wire. Four guys are placed at the 40-foot level, lead- 

ing away from the four corners of the structure, each in a direction in line with the corner diagonally 

opposite. Eight guys are placed at the 60-, 80-, and 98-foot levels; four leading from the corners as 

at the 40-foot level, two leading seaward from the seaward corners, and two leading landward from the 

landward corners. The corresponding guys at the 40- and 60-foot levels are fastened to the same set 

of anchors. Likewise, the corresponding guys at the 80- and 98-foot levels are fastened to another 

more distant set of anchors. ‘The directions of the guys may be varied for additional protection 

against the prevailing winds, but the greatest wind pressure is always against the target. 

For anchoring the guy wires, timbers or deadmen are buried in trenches 3 feet deep which are 

dug 40 feet from the tower for the 40- and 60-foot level guy wires and 80 feet for the 80- and 98-foot 

level guy wires. An anchor timber should be not less than 4 by 4 inches by 8 feet in size. It is 

laid in the trench which is filled with earth up to the level of the top of the timber except in the center. 

Short pieces of lumber are then nailed across each end of the timber and the ends of the trench are filled 

in, leaving the middle open until the guys have been made fast. More pieces of lumber are then nailed 

across the middle part of the deadman and the trench is filled. 

About 2% days should be allowed for building a signal of this type and size, about 
half of the time being consumed in landing the lumber and other materials from the 

vessel and getting them to the site. This will naturally be the point of highest eleva- 
tion in the immediate vicinity and may be some distance inland. The actual con- 
struction can be done very rapidly in fairly calm weather, especially if there are several 

experienced men in the party. It is practically impossible to handle the target boards 
in a moderate wind. : 

(A) SPECIFICATIONS FOR NINETY-EIGHT FOOT SIGNAL 

The specifications for the 98-foot signal are as follows: 

Cross section.—Four feet square. 

Height.—Total 104 feet, the lower 6 feet being buried in the ground. 

Legs.—Four by four inches, built up of 2- by 4-inch lumber, with joints overlapping at least 4 feet and strengthened by 1- by 

4-inch by 3-foot pieces nailed over the splices. 

Horizontal braces.—Two by four inches for the lower 16 feet and 1 by 4 inches above, spaced 4 feet apart. 

Diagonal braces.—One- by four-inch boards cross-braced on the lower three panels; single and zigzagged above. 

Target.—Of 14- by 6-inch by 12-foot boards in groups of three spaced 4 inches part, with 2- by 2- by 26-inch vertical strips to stiffen 

the outer ends and to which wires may be attached to arch the target. 

Anchors.—Size 4 by 4 inches by 8 feet, built of 2- by 4-inch pieces, utilizing those with the most knots. 

Guy wire.—No. 8 galvanized iron wire. 

(B) LIST OF MATERIALS FOR NINETY-EIGHT FOOT SIGNAL 

Description Size Number required 
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2722. Forty-Foot Signal 

The type of construction of the 98-foot signal can be used to build hydrographic signals of various 

heights. The 16-foot base section is identical and the signal may be built up in sections to the ele- 

vation desired. For a 40-foot signal, guys are fastened at the 25- and 40-foot levels The target 

may be similar to that of the taller signal. If desired, one corner instead of a side of the scaffold 

may be pointed seaward. In such a case, the target boards are cut in 8-foot lengths and nailed on two 

sides to form a V whose apex points seaward. 

Numerous types of signals can be built up to heights of 40 feet. The choice depends mainly on 

the quantity of lumber available, especially if there are no roads for transportation and all materials 

have to be landed from the ship. Pole signals constructed of 2 by 4’s, in cross sections of 4 by 4 inches 

or 4 by 6 inches, with targets made from }4- by 6-inch boards, have been erected 40 to 60 feet high. 

Tripods 40 feet high have been erected, but generally lumber in lengths longer than 16 feet is required 

for the horizontal braces at the base. If native trees are available, pole tripod signals can be 

constructed. The various types of tripods can be dressed with whitewash, painted boards, canvas, 

or signal cloth. 

2723. Ordinary Tripod Signal 

The ordinary tripod signal usually serves a dual purpose. It serves as a triangula- 
tion signal, being constructed in such a manner that an observer can set up his theodolite 
under the tripod and make observations without moving any of the structure. And 
it makes an ideal signal for inshore hydrography at distances of 3 to 5 miles, and even 
farther, if the elevation of the ground is sufficient and the tripod is properly dressed. 
(See fig. 43.) 
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FIGURE 43.—Tripod signals. 
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To construct a tripod signal, three pieces of 2- by 4-inch by 16-foot lumber are selected for the 

legs and one 3- by 3-inch by 16-foot piece for the centerpole. The upper ends of two of the legs are 

sawed at an angle of approximately 35° so that they will fit snugly when the tripod is raised in place. 

Holes to take a *%4-inch bolt are bored near the upper ends of the three legs and about 8 feet from the 

lower end of the centerpole. The holes are bored through the 2-inch width of the legs, perpendicular 

to the sides of the unsawed leg but at an angle through the other two, so that they are approximately 

perpendicular to the sawed faces. 

The target is next nailed on the centerpole. It may be either signal cloth tacked to wooden crogs- 

pieces, or eight %4- by 6-inch by 3-foot slats. The portion of the centerpole between the target and 

the bolt hole is wrapped with white and black signal cloth. Four guy wires are then fastened to the 

top of the centerpole leading out through the crossed target. The legs and centerpole are then bolted 

together and placed flat on the ground with one leg pointing directly offshore. 

If the station is to be occupied, the lower part of the centerpole will have to be sawed off about 

614 feet above the ground so the theodolite can be set up over the station mark and to provide head 

room for the observer without having to dismantle the tripod. If a 5-foot length is spliced to the 

bottom of the centerpole and a headless nail driven part way into the center of the lower end of the 

extension, the centering of the target can be quickly and easily performed, when the tripod is raised 

into place, by inserting the nail into the drilled hole in the center of the station-mark disk. This serves 

as a pivot while the centerpole is being plumbed, and when it is vertical, it is naturally centered at 

the same time. The plumbing may be accomplished by suspending a plumb bob at arm’s length and 

alining the centerpole by eye along the plumb-bob string. 

After the target has been centered over the station, the guy wires are secured, the centerpole 

is secured by cross braces to the legs of the tripod, and the tripod legs nailed to stakes driven in the 

ground. The seaward sides of the signal are then dressed with rough boards, spaced about the width 

of the boards apart, and whitewashed, if desired, or spaced about 2 feet apart with signal cloth securely 

tacked on to cover the space between. When signal cloth is used, it should be slashed with a knite to 

diminish wind pressure and to render the cloth useless for other purposes so that it will be less likely 

to be stolen. An opening should be left at the height of the telescope to permit observations to be 

made without having to tear loose any of the signal cloth (see fig. 43), but such an opening is unneces- 

sary if boards are used, as one or two boards can be easily removed and restored to place after the 

observations have been made. After the construction and dressing of the tripod have been completed. 

the lower part of the centerpole should be sawed off at the desired height and the centering of the 
pole and target checked. 

If the station is not to be occupied, a slightly different construction will be more convenient. The 

bolt hole should be bored in the centerpole 10 feet from the bottom, instead of 8 feet. A headless nail 

is driven part way into the center of the bottom of the centerpole—a splice is unnecessary. The 

tripod legs should be about 13 feet long as the apex of the tripod need not be as high as is required for 

a station to be occupied. The tripod is then constructed and dressed as described above, except that 

no opening for instrument observations is necessary and the centerpole need not be sawed off. The 

bottom of the centerpole should be braced by 1- by 2-inch stakes. 

Regardless of whether a tripod is constructed so as to be occupied or not, the guying and size of 

the lumber used for dressing depend mainly on the strength of wind prevalent in the particular lo- 

cality. If strong winds are infrequent, the guy wires may be omitted entirely, especially if the tripod 

is exposed to livestock. For dressing, 1- by 6-inch boards are best as any smaller size is too light to 

support a man’s weight on the longer lower sections. A nice dressing is made of 1- by 12-inch boards 

but the cost is high in comparison with 1- by 6-inch boards. Rough lumber is best for dressing as it. 

is less expensive and will take whitewash better than surfaced lumber. Scrap lumber found on the 

beach can sometimes be used but its presence should not be relied on. 

If strong winds prevail, the target should be constructed of eight %4- by 6-inch by 3-foot slats: 

spiraled around the top of the centerpole, and eight guy wires should be used instead of four, with the 

second set leading from the apex of the tripod. Signal cloth should be used for dressing instead of 

boards, so that in case of gales the signal cloth will be torn away rather than the entire tripod 

demolished. The signal cloth can be replaced easier than a new tripod can be built. The lower 

half of the signal cloth on a tripod should be tacked to pieces of 2- by 4-inch lumber rather than 1- 

by 6-inch boards. Even these have been broken in the center by violent storms frequently encoun- 

tered in some areas. 
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(A) LIST OF MATERIALS FOR ORDINARY TRIPOD SIGNAL 

Description Size Number required 
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273. STEEL TOWERS 

Portable steel towers, identical with those designed for and used in first-order 
triangulation, have been used for tall hydrographic signals where they were needed at 
the same time for establishing triangulation control. For details of design and con- 
struction, see Special Publication No. 158, Bilby Steel Tower for Triangulation. 

The towers are designed in 14-foot sections. This permits them to be dismantled 
and re-erected at other sites. The total height desired is gained by the addition or 
omission of the lower sections. 

Transportation is an important factor in getting the steel for the towers to the 

station sites. A shore building party operating independently from the ship is most 
satisfactory. The steel can be landed from the ship in small boats if there is no other 
means of transportation, but this is slow work and pieces may be lost overboard. 

For use as hydrographic signals, targets are necessary, either of canvas or boards 

bolted to the frame of the tower facing seaward. Since any type of target exposes a 
comparatively extensive surface to the wind, the tower should be guyed accordingly. 
Since the development and extensive use of buoy control for offshore hydrographic 
surveys, 1t is doubtful whether steel towers will be used by the Coast and Geodetic 
Survey for this purpose in the future. 

274. WATER SIGNALS 

Hydrographic signals must occasionally be erected in shallow water several miles 
from land. Numerous types of signals and methods have been successfully used. 
Some are partly constructed ashore, towed to the desired location, weighted down, 

and the construction completed. Others are entirely built in the water and still others 
are built on board vessels and lowered into place. 

The United States Navy has constructed steel towers up to 100 feet in height in 
depths to 10 fathoms. The material used is similar to that of the Bilby steel tower but 
the structure is four- instead of three-sided. The three lower sections of the tower are 
constructed on the deck of the survey vessel and lowered over the side by the boat boom. 
With the tower suspended in the water from the side of the vessel, other sections are 
added until the tower rests on the bottom. The vessel is then backed away, the 

remainder of the construction being completed from motor sailers. The base of the 
tower is weighted with wooden mattresses filled with scrap iron. It can be guyed to 
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_FIGURE 44.—Water signals. Left, a four-sided tower with flag 42 feet above the water. Right, a simple tripod with centerpole and 

banners. 
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anchors if necessary. Observations with a repeating theodolite can be made from 
the tower, if desired, when the sea is extraordinarily calm. 

A simple tripod signal that will stand in a moderate depth of water may be made 

from lengths of iron pipe wired together through tee-fittings at their upper ends. When 
the exposed part is wrapped with cloth and flags are erected on top of it, it may be 

seen at a considerable distance. Such signals may be made more secure by pumping 
the legs into the bottom by means of a water jet. Where this is not possible, as in 
rocky areas, weights with wire loops around the pipes may be slid down the legs to 
secure them. Each pipe leg should be provided with a fitting near the bottom to 

engage the wire loop and hold the weight in place. Long poles and saplings have 
also been pumped into ocean bars by means of a water jet and have withstood moderate 
storms. 

A type of water signal that is constructed on land and then towed out and sunk in 
position is described in detail on pages 35-38 of Special Publication No. 234, Signal 
Building. This type of signal has been used to depths of 13 feet. 

The details of two wooden structures that have been used successfully for hydrographic control 

on off-lying shoals are illustrated in figure 44. One is asimple tripod with centerpole, crossed banners, 

and flag; the other is a simple four-sided tower with the top of the flag 42 feet above the surface of the 

water. The legs are jetted into the bottom by means of a double-action hand pump with a 2%-inch 

suction and 2-inch discharge, mounted in a launch in such a manner that four men can handle the 

brakes. A 2-inch fire hose is connected to the discharge end of the pump to which is added a length 

of 14-inch iron pipe to act as areducer. A short piece of 34-inch pipe forms the nozzle. 

When a signal is to be erected, the launch is moored in position by four anchors leading fore and 

aft and from each side. One of the legs of the structure is then held upright and the pipe is placed 

alongside it, with the nozzle held loosely alongside the bottom of the leg by a thin metal stop nailed 

to the leg. A 4- by 6-inch leg can be jetted into 6 feet of mud or loose sand in 5 minutes. After the 

legs are in place and the horizontal braces nailed to them, the men can mount the structure and 

complete it as if it were on land. If the bottom material is very soft it is best to nail crosspieces on 

the legs to prevent any of them from sinking deeper than desired. 

Water signals of the above types may be located by any of the conventional 
methods. Theodolite observations from three triangulation stations are preferable, 
but if impracticable, sextant fixes or cuts should be obtained. 

275. SIGNAL CLOTH 

Signal cloth is used to dress signals to make them conspicuous and easy to identify. 
No color except white or black should be used on a signal which is to be observed from 
any considerable distance. The choice of color depends almost entirely on the back- 
ground and the greater the contrast, the more distinctive will be the signal. Unless 

the signal is viewed against varying backgrounds from different directions, it is best to 
use only one color for a target—i. e., all black or all white rather than half black and 
half white. White is best against a dark or green background and black best against 
the skyline, water, or a light background. Red and orange may be useful as variations 
on signals to be used at close range, being especially effective against a background of 
snow or a glaring white beach. Black is objectionable on signals in the snow as it is 
difficult to distinguish from rocks or other black spots when viewed even at a short 
distance. White is valueless against the skyline unless the sun’s rays are reflected 
from it. 

White signal cloth is a superior reflector to either whitewash or white paint. A 
slanting surface is a better reflector than a vertical one, except in the early morning or 
late afternoon. 
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Reports from field parties indicate that the grade of white signal cloth available 
at Navy depots in 1941 is superior and more suitable for signal dressing than that 

purchased commercially. It is a tough material and withstands wind and weather well. 
It is described in the General Schedule of Supplies as Sheeting, Cotton, Gray, 36 inches 
in width, and is listed as Stock No. 27—S—7670. The cost in 1941 was about 6 cents 
per yard. 

Signals are dressed with cloth in different ways. They should be varied in size 
and shape to avoid a similarity between adjacent signals. The most frequently used 
types are crossed banners, flags, cloth tacked on the bases of tripods, cloth tied on 
bushes, cloth wrapped around tree trunks and stumps, etc. 

Target boards on tall hydrographic signals and slats on centerpoles have been 
whitewashed or painted black or white. If these boards are wrapped with white or 

black signal cloth the targets will have greater visibility, for cloth is a better reflecting 

surface and will not fade so rapidly. All large pieces of signal cloth should be pierced 
with random slits, 4 to 6 inches long, to serve as vents to ease the wind pressure and to 
discourage vandals from stealing the cloth for their personal use. 

276. WHITEWASH 

Whitewash, made from unslaked lime, is a convenient, economic, and satisfactory 

material with which to mark signals for inshore hydrography, especially where the 
coastline is rocky. Its use is not limited to rock surfaces, however. Boards on tripods, 
small buildings, driftwood, stumps, tree roots washed up on the beach, pieces of wreck- 

age, and almost anything that will serve as a signal can be whitewashed to advantage. 
Even bluffs of crumbling dirt or disintegrated rock can be sprayed with good results. 

Pulverized unslaked lime is usually sold in paper sacks or wooden barrels. When 
it can be purchased as required this is satisfactory. It deteriorates rapidly, however, 

and when a stock of it must be kept on hand for use over a considerable period of time, 

it should be purchased in watertight metal containers, each containing about 90 pounds. 
Whitewash for marking signals is made by filling a bucket about one-quarter full 

with pulverized unslaked lime and adding about 1 gallon of water. As the mixture 
boils it should be stirred and a little water added from time to time to keep it from 
boiling over. When the boiling ceases, more water should be added while it is being 
stirred until it has a thick soupy consistency. The mixture should be stirred with a 
stick at least 3 feet long from a position as far away from the bucket as practicable 
because it is likely to spout up while boiling; it is not pleasant on the skin and is 
decidedly painful and may be dangerous in the eyes. 

Whitewash is usually put on with a brush, but spray guns, similar in type to those 
used for spraying fruit trees, have been used very successfully. Their principal 
advantage is in whitewashing objects which cannot be easily reached with a brush, and 
in spraying rough or crumbly rock which cannot be coated thickly and evenly with a 
brush. They may also be used for spraying whitewashes on cliffs that rise almost 
vertically from the water where landings are difficult or impossible. The liquid must 
ee thinner than when a hand brush is used and must be strained before use to keep the 
hose and valve from becoming clogged. After use each day, the sprayer must be 
thoroughly cleaned with fresh water to wash out all whitewash and salt deposits. 

Whitewash is most permanent when it is applied to a dry rock surface. It is a 
waste of time and effort to whitewash during a rain. Near the high-water line white- 
wash will soon be washed off or become so dim as to be indistinct and be confused with 

guano deposits. One bucket of whitewash is ordinarily sufficient to make a signal 
4653824412 
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that will remain in good condition for one season. It will usually be recoverable the 
following year but ought to be re-whitewashed if it is to be used to any appreciable 
extent. The shapes and sizes should be varied to make the signals distinguishable and 
easy to identify. 

28. SURVEY BUOYS 

Where buoy stations are required to control hydrographic surveys beyond the 
visibility of shore signals, they must be marked with a suitable buoy structure. A 

design for a buoy structure for use in a particular area depends largely on the character 
of the area and the visibility required. Shallow water at the station will limit the length 
of the underwater portion of the buoy structure. The strength of current, the prevalent 

weather conditions, and the depth of water are factors which influence the amount of 
buoyancy required in a buoy. The weight of the anchor and the weight and size of the 
buoy structure are limited by the ability of the ship’s equipment to handle them when 
they are being anchored and weighed. The conditions influencing the size and design 
of buoys are likely to vary with different survey projects and the descriptions and 
specifications in this section should be considered general, subject to modification to 
suit the particular conditions encountered. 

The general designs of buoy structures are influenced by a number of elements. 
Buoys are generally constructed on board ship by the ship’s personnel and a simple 
design that may be made from readily acquired materials and with ordinary tools is 
necessary. The design must be such that the buoys may be built in the space available 
on board ship. They should be built of light but strong material—light for buoyancy 
and ease in handling, yet strong enough to withstand the strains and stresses to which 

they are subjected while being handled and during stormy periods while anchored. 
The design should allow for partial disassembly so that they may be easily handled 
and stored compactly on board ship. They should also be constructed of inexpensive 
materials that are commercially available and should not require parts of special design. 

Buoys of various designs, embodying many unique ideas, have been constructed 
to meet the conditions encountered in various areas, but these designs have recently 
become more or less standardized. The buoy structures in most common use at present 
are described herein in some detail; others that are seldom used are included, but in 

less detail, for possible use in unusual circumstances. 
Experiments with streamlined buoys have given promising results and their use 

is probably indicated where there are strong currents (see 2843). 

281. Buoys IN GENERAL 

The essential parts of a survey buoy structure are: One or more drums (or barrels) 

for buoyancy, which support a centerpole or light framework forming the body of the 
structure, on whose upper end is a target or flag to increase the visibility, and on whose 

lower end is a counterweight to hold the structure upright, and suitable ground tackle 

for anchoring. Each of these parts varies with the type of buoy and its intended use, 
and also with the material available for its construction. Only materials of good 
quality should be used to build buoy structures. It is poor economy to use cheap 
materials of doubtful quality that are likely to fail and result in the loss of a buoy 
after it has been placed on station and its position has been determined. The value 
of the ship time lost in replacing a single essential buoy is equivalent to the cost of the 

material for several buoy structures. 
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The kind of lumber to be used in buoy construction is limited by what is locally 
available. It should be a first-quality, straight-grained wood, free from knots and 
checks, light in weight but structurally strong, thoroughly air dried, either rough or 
surfaced. The best lumber available on the Atlantic and Gulf Coastsis Southern cypress, 
while Douglas fir and redwood are to be preferred on the Pacific Coast. Because the 
life of a survey buoy is comparatively short, common nails, and ordinary steel screws, 
machine bolts, and plates are used in its construction. 

Standard commercial steel drums and barrels are used almost exclusively to give 
buoyancy to the buoy structures. The returnable or nonreturnable steel, oil, or gasoline 
barrels of 55-gallon capacity are generally used for ordinary buoy structures. <A 65- 
gallon barrel, equipped with a bolted cover, is used in the East Coast sono-radio buoy, 

and a 55-gallon removable top, bilge barrel is used for the Vincent type. Steel barrels 
of various sizes down to 10-gallon capacities are used in combination with the larger 
barrels. These smaller barrels are also used in constructing small buoys. Spherical 
steel buoys of small size will be found useful for various field operations. 

Recent experiments with buoys indicate that better buoyancy may be provided 
by a specially designed buoy (see 2843). <A single bare 55-gallon barrel anchored in 
50 fathoms of water with the usual anchor cable has a reserve buoyancy of only 177 
pounds and the Vincent sono-radio buoy without anchor cable has a reserve buoyancy 
of only 200 pounds. A relieving buoy should always be used to support the anchor 
cable of a sono-radio buoy in areas where there are strong currents—the reserve buoy- 
ancy is not sufficient to depend on in such cases. 

The most essential feature of a drum or barrel for use in buoy construction is its 

watertightness. It should also be of strong but light construction so as not to add 
unduly to the total weight of the buoy. The use of a standard commercial product is 
an economy. 

The ordinary crossed targets on a buoy structure may be made of signal cloth, 
ordinary screen-wire cloth, or board slats. Screen-wire cloth has been found to be 
more durable, black preferred for visibility. If black is not available, screen painted 
black is satisfactory. Flags and large banners are made of a suitable grade of cloth. 
Colors in varying combinations are used to identify the buoys. The banners, flags, 
and targets are constructed to be attached to the buoy at the last moment, and to be 
readily detached when it is brought aboard, to facilitate stowage in a smaller space. 
Where subtended vertical angles (see 3363) may need to be observed on buoys, all 
crossed banners on either survey buoys or sono-radio buoys should be placed at a 
known height above the waterline. 

The counterweights may be any heavy metal pieces of small bulk procured from 
junk yards. The total weight of the counterbalance required depends on the size and 

design of the buoy. For the standard one-barrel buoy, a single railroad car coupler, 
weighing from 180 to 200 pounds, is most satisfactory. A precast concrete shape of 
suitable size and weight may also be used. The counterweight should be made to be 
readily attached and detached from the buoy structure. 

Buoys are painted to afford greater visibility and for preservation. The superstruc- 
ture above the barrels is generally painted with a good grade of exterior paint, the color 

to be used being selected to afford the greatest visibility; in hazy atmosphere white 
will generally prove best, while red or black is best where clear atmospheric conditions 

prevail. The barrels and all of the underwater parts of the buoy are generally painted 
with either red lead or antifouling paint. 
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2811. Different Types of Buoys 

Buoys of various types and sizes may be required in the different survey operations, 
and various buoyancies are needed to support the anchoring gear depending on the 
depth of water. A survey buoy may vary from an ordinary 5-gallon can or sphere, 

or a single barrel with no superstructure, to an elaborate buoy structure constructed 
of four standard 55-gallon barrels. There are at least seven different types of buoys 
for ordinary use. These are: (1) Small marker buoy with no superstructure, (2) small 
buoy with target used by launches and auxiliary vessels, (3) shoal-water buoy, (4) 
standard one-barrel buoy, (5) two-barrel buoy, (6) three-barrel buoy, and (7) four- 

barrel buoy. There are two types of structures for sono-radio equipment: one is a 
wooden frame built around one or more steel barrels, and the other is an all-metal 
construction using a single steel barrel. 

2812. Various Uses of Buoys 

In addition to their general use for the control of extensive areas in offshore surveys 
and as R.A.R. stations, buoys are used for other purposes in connection with hydro- 
graphic surveys. As a marker buoy, anchored at the approximate center of a shoal or 

reef, a buoy furnishes a leading mark for a system of radiating lines for the close develop- 
ment of the area. It is especially useful for this purpose in areas where there are no 
ranges that can be used in running the lines. Where there are strong currents, the 
least depth on a small shoal or rock can scarcely be found without the use of a marker 
buoy. In unsurveyed areas a buoy may be used as a temporary aid to navigation to 
mark a submerged rock or dangerous shoal while the survey vessel is operating in the 
vicinity, or until it can be more permanently marked by the United States Coast 
Guard. In R.A.R. surveys, in addition to thetr use for control, buoys are often used 
as references for important positions. 

2813. Lights for Buoys 

Survey buoys must often be anchored near shipping lanes where they may be run 
into, especially at night. Although notices of survey buoys are published in the 
‘““Notice to Mariners,’ nevertheless losses occur. An inexpensive flashing light in- 
stalled on a buoy minimizes such losses. Such lights are also useful for tying a long 
dead-reckoning line to control after nightfall, and for finding buoys to be serviced or 
picked up at night. 

Various commercial companies manufacture simple, inexpensive lighting apparatus 
which may be adapted for use on buoy structures. The total weight of the apparatus 

must be a minimum to avoid making the buoy top-heavy. The light should be visible 
for a distance of at least 114 miles and should operate for a long period on a minimum 
supply of electric current. A waterproof installation is required since the apparatus 

is mounted outside the barrel on the superstructure of the buoy. A waterproof box, 

containing the batteries and flasher unit, should be mounted on the lower part of the 
superstructure but high enough above the top of the barrel so that it will not be con- 
stantly submerged at any time. A waterproof fixture containing the light should be 
mounted at the top of the buoy structure so as to be visible in all directions. 

A satisfactory light bulb for use in the assembly is an ‘‘Amglo Batrilite No. 75-C3R,”’ manufac- 

tured by the Amglo Corporation of Chicago, Illinois. It has a characteristic neon color. The bulb 
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is made to be used in a standard four-prong radio tube socket and it should be mounted under a 

standard watertight launch masthead fixture. An ‘‘Eveready Luminous Tube Operating Unit,” 

manufactured by the National Carbon Company has been found a very satisfactory flasher unit 

This type of flasher unit is made in three different models, classified according to the flashing frequency. 

These are for 80, 200, or 400 flashes per minute which will operate for 110, 100, or 40 days, respectively, 

when supplied with current from a 6-volt hot-shot battery. The flasher unit is permanently sealed 

and it must be mounted in an upright position for the switch to operate efficiently. The Amglo 

Corporation also manufactures a flasher unit called ‘‘Flasherpak.’’ The flasher unit and battery 

may be contained in a watertight box whose inside dimensions are 6 by 8 by 18 inches. Exterior 

connéctions must be made with waterproof cable, such as ‘‘Tyrex.”’ 

2814. Buoy Identifying Marks 

For identification during field operations, the name of the station is painted on 

the superstructure of each survey buoy or on a piece of signal cloth tacked thereon. 
In addition, ordinary survey buoys (not sono-radio buoys) may be identified by flags 
of various colors used in various combinations attached to a short staff at the top of 

the buoy superstructure. Sufficient combinations of three colors are possible so that 
no two buoys in a locality will have the same combination. 

Identifying flags on survey buoys are of particular value in starting a sounding 
line. The stations may be identified from a distance so that it is not necessary to 
maneuver close to them in order to read the names. The flags also aid in identifying 
a drifting buoy seen during survey operations. 

A sono-radio buoy is marked with the name of the R.A.R. station but flags should 
not be used. Each should be marked with a sign, however, warning vessels to keep 
clear. These signs are made of baked enamel on a metal base and are designed to 
fit on the wooden buoy structure. They contain a legend, “Survey Buoy, KEEP OFF, 
Property of U. S. Coast and Geodetic Survey,” that not only serves as a warning to 
fishermen and curious yachtsmen, but also aids in the recovery of the apparatus if 

the buoy should go adrift. These signs may be obtained from the Washington Office 
on request. Ordinary buoys may be marked with the same sign or, if they are not, 
they should be marked with a muslin ‘‘Signal Notice’ (Form 51) tacked to the wooden 

superstructure. 

282. Buoy CONSTRUCTION 

2821. Small Marker Buoy 

A 5-gallon gasoline (or oil) can, anchored by a light line or piece of stranded sound- 
ing wire attached to a small anchor or grapnel, makes an admirable small marker buoy 
for a launch hydrographic party. Such a buoy is light, occupies little space, and is 
entirely satisfactory for temporary use in marking a shoal or other area during investiga- 

tion. Any suitable object, a life ring or cork life preserver, may be substituted for 
buoyancy. 

If additional visibility is required, the 5-gallon can may be secured to a light pole, 
5 to 8 feet long, with a flag on the upper end and a counterweight on the lower end. 
Such buoys have withstood heavy weather, and they are much more easily sighted 

from a distance. 
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Small spherical buoys, or 55-gallon barrels without superstructure, anchored with 
the same ground tackle used for survey buoys, are frequently needed for marker buoys 

in R.A.R. or buoy-control surveys. The 18-inch spherical buoy used in mooring sea- 
planes or small yachts is convenient and will generally have sufficient buoyancy to hold 
the weight of the anchor cable without submerging. Such buoys, without superstruc- 
tures, are difficult to see at a distance and should be painted a bright yellow, or white, 
to increase their visibility. Suitable rope loops should be rigged on top of them into 
which a hook may be inserted when they are being lowered or raised over the ship’s side. 
(See also 2835.) 

2822. Small Buoy 

The smaller auxiliary vessels frequently require buoys to control offshore hydro- 
graphic surveys but the standard survey buoy cannot be handled by their limited 
equipment. For such use a miniature of the one-barrel buoy (see 2824) may be con- 
structed. <A 10- or 20-gallon barrel is substituted for the 55-gallon barrel and all other 
parts are made correspondingly light for ease in handling. The design of the small 
buoy should be similar to that of the standard buoy but lighter lumber should be used 
and the counterweight should not exceed 35 pounds in weight. The over-all length of 
the small buoy structure should be about 15 feet, the small barrel being 8 feet above the 
lower end. A 10-foot staff with target flags is secured to the upper part of the buoy 

structure to increase the over-all height of the buoy, when afloat, to about 16 feet. The 
counterweight is shackled to an iron plate which is bolted to the lower end of the wooden 
structure. 

2823. Shoal-Water Buoy 

Buoy control may be required in extremely shoal areas where the long submerged 
part of a standard one-barrel buoy might ground in the shoal water. <A special buoy 
structure, with a short submerged section, is required in such a case. 

The shoal-water buoy is built by enclosing a 55-gallon steel barrel in a short square wooden frame 

from which a mast extends. Two frames, about 10% feet long, made of 2- by 4-inch lumber, are crossed 

at right angles around the steel barrel, extending 5 feet above the top but only 3 feet below the bottom 

of the barrel. Each frame is secured to the barrel by two iron rods bolted through the frame, one just 

below and one just above the barrel to hold it firmly in the structure. One end of one of the upper 

iron rods is made with a 2-inch eye to which the anchor cable may be attached. 

A 10-foot mast is stepped on the top of the barrel and secured vertically to two pairs of 1- by 4-inch 

cross braces at right angles to each other at the upper end of the barrel and two similar pairs of cross 

braces at the top of the framework. Crossed banners of suitable size and material are added to the 

top of the mast. | 

To reduce the draft of the buoy the counterweight is incorporated in the buoy structure. The 

lower end is built as a box form, which includes the lower 20 inches of the framework, into which suf- 

ficient concrete is poured to furnish the desired counterbalance. 

2824. One-Barrel Buoy 

The use of the one-barrel buoy has become practically standard in buoy-control 
surveys. It is simple to construct, economic in cost, and its size and height are suf- 
ficient to be seen at the required distance. The design has developed from many years 

of field experience in building buoys on shipboard. It can be constructed and stowed 
in the limited space available and its lightness gives it buoyancy and makes it easy to 
handle when it is being anchored or weighed. 
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(A) SPECIFICATIONS FOR ONE-BARREL BUOY 

The one-barrel buoy, illustrated in figure 45, consists 

of a 55-gallon oil or gasoline barrel secured in a frame of 2- 

by 4-inch lumber, cross braced with 1- by 4-inch lumber. 

Either finished or rough lumber may be used; the former 

is more easily handled and painted but the latter is 

stronger by reason of its greater cross section. A nonre- 

turnable barrel is secured in the frame by two cross braces, 

grooved to fit over the chimes of the barrel, and a half-inch 

bolt between the vertical frames at the top and bottom of 

the barrel as shown in the figure. If the heavier returnable 

barrel is used, the cross braces fitting over the chimes may 

be dispensed with, but the I-bar hoops of the rolling tracks 

must be cut out on opposite sides so that the vertical frame 

will fit flush against the barrel. The recesses thus formed 

will serve to hold the barrel securely in the frame without 

further bracing. 

The lower end of the buoy is fitted with suitable fix- 

tures to which a counterweight may be attached. An iron 

washer plate is placed on each side of the vertical frame and 

an iron counterweight plate between the frame members, 

all of which are held together by two half-inch through 

bolts. Three holes are drilled in the counterweight plate 

to take the two half-inch bolts and a three-quarter inch 

shackle which is used to attach the counterweight to the 

buoy. A railroad car coupler weighing 180 to 200 pounds 

is generally used for the counterweight, but any iron mass 

or cast concrete shape of small bulk and equivalent 

weight in water may be substituted. 

A mast, at the top of which are nailed crossed banners 

3 feet square, is incorporated in the superstructure of the 

buoy, surmounted by a flagstaff from which flutter flags of 

various numbers and colors which serve to identify the 

buoy. The banners and flagstaff are nailed to the mast 

with small nails so that they may be easily removed. A 

small piece of signal cloth, on which the name of the buoy 

station is painted, is tacked on each side of the super- 

structure. 

A three-quarter inch eyebolt is bolted to one of the 

vertical frames at a position about 1 foot below the bottom 

of the barrel, and to which the anchor cable is attached. 

The exact position of the eyebolt is chosen so that the buoy 

will maintain as vertical a position as possible in the pre- 

vailing wind and current. To prevent the buoy structure 

from canting, the eyebolt should be placed higher for use 

where strong winds prevail than for areas where only 

strong currents prevail. 

A rope sling is fitted on the opposite side of the buoy 

from the eyebolt, by which it is lowered into the water in 

anchoring and hoisted from the water in weighing. This 

rope sling is made of 38-inch Manila rope secured to the 

vertical frame just below and just above the barrel by 

means of double half hitches and lashings. After the buoy 

has been in the water a short time, the salt will stiffen the 

rope so it will stand out from the frame in a position to be 

engaged by a hook or grapnel. Being on the opposite 

SCALE iN FEET 

FIGURE 45.—One-barrel survey buoy 
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side from the anchor cable, the rope sling also serves to indicate the direction of the current as the 

ship approaches the anchored buoy. 

(B) LIST OF MATERIALS FOR ONE-BARREL BUOY 

Amount 
Description Size required 

umber (See 281) a sas ie eee ls ee DID Y: 4D Yel 6ii2 oh. 4 hae eee Re Oe 5 pieces. 

qT) Org i eh a ee eee oe ee ee witht ed ER DY 4 Dye Oe ae ee eee. oe ee ee ee 1 each. 

DD) Qs a eR od SECA TE AS et te SU ee en ecb y al op y6lhe tS eee eS ee eee 4 pieces. 

Barrel Gs as 0 eee ae Sbieallon: sets Jee 18 Sw See eee 1 each. 

@aricoupler (Scrap) sees oe eee T80ito;200pounGs:-.5-.. 4 8e- =. eee ee 1 each. 

Eyebolt with shoulder and nut, G. I. -_-_____._____-- SAV 1D snare hs iin seed ee ak ie 1 each. 

TBO] ts ee se Ae Se en meg eee Kal ON 7 (agers eee ee? a RN Eh aS gl Bene Pk 3 each. 

Rods, tie, threaded on both ends____- eee ae eee 6! Dyn dat eae aoe Se = eee SE eel da ee sey eS es 2 each, 

INUtS hexagonal! 2s) = see ee eee ee ee ee GSE ee Ne EOE eee i eee eee 7 each. 

Washers Sao. 2e > Sees Ss ene eae en ee ee eee ee by: Stet” (9 te! “hole) 24. 12 2 ee et eee eee 7 each. 

(Washers) ee =o aie eee oe Sie eee ee tee ee es Qe by Sie (sie fNOle) 3-22 aes ee ee 2 each. 

Washer plates, iron_____- NORE Ss Sts eed has Oa ee Sl oe 3 Dy 10) bya Zdrilledtess see fee ee eee 2 each. 

Counterweight plate; ones ss ae eee 3) “by 1b'sby=t6! arillede= 2s os aes Se ea eee 1 each. 

Shackle; (Gel. Se aes. ae eee ee een ene Ses Se ae eae a, ae Oe een 1 each. 
Screen wire iblack==-- == 2 eee ee eee eee medium\meshyalivardwid ees see eee 2 yards. 

Cloths musliny wanious (Colors See fl yard: widess2 2:52.) ts SEL = 2 Gees See eee 2 yards. 

Ropes Manilas 2 es ses re ee es ee BC ba Sete re Si iD Peay fade SN A oe ake ili SON Rh S 15 feet. 

IN@iIS! = 82 ae eg oe Se ena eae ee cee se es A 12 d. and 20 d. 

TRACKS? 2. eye ee ee ee end eee nee EES ar carpet. 

Standard enameled’ buoysplateormuslinisiznalmotices 22s ss a eae ee eee 1 each 

(C) METHOD OF CONSTRUCTION, ONE-BARREL BUOY 

The one-barrel buoy is designed so that it may be built on board ship, including the special parts 

required; washer plates, counterweight plate, and threaded rods. 

A clear deck space approximately 35 feet long is needed, and two sawhorses, or boxes, are required 

to support the buoy frame while it is being built. 

The first step in the construction of the buoy is to prepare the two vertical frame members, each 

of which is made of two 16-foot pieces of 2- by 4-inch lumber. Each pair is spiked together with a 

5- or 6-foot overlap, so that the overlapped length will extend 12 to 18 inches above and below the 

barrel when the frame is attached. ‘The two pieces of lumber must be in alinement when they are 
nailed together in order to obtain a symmetrical construction. Two %.-inch holes are drilled through 

the overlapped portion of each frame member through which to insert the two tie rods, one just 

above and one just below the barrel which is placed between and with its axis parallel to the frame 

members. 

On the sawhorses, with the barrel between the two vertical members, the two tie rods are inserted 

with washers and nuts on both ends and the nuts are drawn tight to hold the barrel firmly in the center 

of the frame. ‘Two wooden cross braces of 1- by 4-inch lumber, grooved to fit over the chimes of the 

barrel, are next nailed between the vertical members, two at the top and two at the bottom of the 
barrel. These serve to hold the barrel in place and prevent it from slipping out. 

The upper and lower ends of the projecting vertical members are next drawn together by long 

wood clamps. This must be done carefully so that their junctions are on the centerline of the frame. 

The lower ends are sawed off evenly and two %¢-inch holes are bored through them to correspond to 

the holes in the washer plates. The washer plates are placed outside and the counterweight plate 

between the vertical members and the bolts-are inserted and drawn tight. The upper ends of the 

vertical members are trimmed to equal length and beveled to fit the mast which is placed between 

them. A %g¢-inch hole is bored through the three pieces of lumber at this point and a bolt inserted 

and drawn tight. 

The clamps may now be removed and horizontal cross braces of 1- by 4-inch lumber are nailed 

on both sides of the frame 5 feet above its bottom and 4 feet below its top. Crossed diagonal braces, 

one brace on each side, of 1- by 4-inch lumber are nailed on the upper and lower parts of the frame 

between the horizontal cross braces and the barrel. The upper diagonal braces are also nailed to the 

mast which is stepped on the top of the barrel and nailed to the cross braces previously placed there. 

The eyebolt is inserted through a !34¢-inch hole bored through one of the vertical members of 
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the frame, preferably at a 4- by 4-inch section, below the bottom of the barrel. The rope sling is 

placed on the opposite vertical member as previously explained in (A) above. Banners are made of 

wire screen tacked to 1- by 4-inch lumber, but neither the banners nor the flagstaff are nailed to the 

mast at this time. They are affixed just before the buoy is anchored to avoid damaging them while 

the buoy is being handled and to conserve stowage space. 

2825. Two-Barrel Buoy 

Although the standard one-barrel buoy is used almost exclusively for buoy control 
there are occasions when additional buoyancy is required to counteract strong cur- 
rents, deep water, or strong prevailing winds. This is attained by the use of an addi- 

tional steel barrel, the two being utilized in any one of several ways. 

The two barrels can be mounted vertically one over the other within the framework as illustrated 

in A, figure 46. The over-all length of this buoy structure and the general details of construction 

are the same as for the one-barrel buoy, the sketch showing only the details that are different. The 

increased distance from the top of the upper barrel to the bottom of the lower barrel causes additional 

strain on the vertical members where bent, and they must be reinforced with iron straps. The straps 

are made of 2- by %-inch flat stock, drilled with holes as shown in the sketch. The barrels, if non- 

returnable ones are used, are held in place by tightening the tie rods, fitted with washers, so that the 

barrels will be held firmly between the vertical wooden members. If returnable barrels are used, they 

are held in place by slots burned out of the rolling tracks into which the vertical members fit, as 

0 5 B 

(Lerner cred Le Day Lea ee ey ey 

SCALE IN FEET 

FIGURE 46.—Two-barrel survey buoys -.hree arrangemciits. 
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described for the one-barrel buoy. The additional buoyancy provided by the two barrels will permit 

the use of a heavier counterweight. One weighing 450 or 500 pounds will provide adequate stability 

and with it the buoy will float with about one-half of the upper barrel above the surface of the water. 

Two methods of attaching two barrels to a single-pole buoy structure are shown in B and C, 

figure 46. Iron bands, bent to fit around the barrels, are used to hold the barrels to the centerpole. 

The centerpoles for these structures are made of rough 2- by 4-inch lumber spiked together to form 

a 4- by 4-inch cross section, except for the uppermost 8 feet. In the scheme represented in B, figure 46, 

the barrels are held more firmly in place by wooden lugs made to fit over the chimes of the barrels 

at top and bottom. One bolt through the centerpole is used to hold each pair of lugs in place. The 

construction represented in C, figure 46, requires two wooden blocks, one to fit on each side of the 

centerpole. These blocks are cut from 2-inch lumber approximately 6 inches wide with their opposite 

sides shaped to fit the curve of the barrels and are secured to the centerpole by wood screws or through 

bolts. 

(A) ADDITIONAL MATERIALS FOR TWO-BARREL BUOY 

(Arrangement A in fig. 46) 

Number 
Description Size required 

OUI bers. errs es Maree sek SEO Re Se en. eee 2 Dy 4! Dy 12 ee ee ee eee 1 each. 

IBArrelitG sles: ee oe ies fe eee cee Cele ee Oe St Oi\gallon a22_ 22 es SS eee eee 1 each 

Rod tie; bothvends:threaded] sess. eee ee TEND YB De oe Saat ee Sh ge 1 each. 

INUtS phexaconal: Saeeus sees eee ee eee ee ee ese VON SS oe no NB AS oc er I 2 each. 

Wrashers22o- st 28 accesses eee oie. ae eae TAD Y Sie a(SA6 Nol’) 222-3 ate ee oe ee 2 each. 

Strap, drilled for 14’”’ bolts as shown_____._---------- Ses 2 Dy Gast oe 2 ee ee 2 each. 

IBOlts swabhmutsyan diiwasherss ee ee TB CAD YO ee oe ee 7 each. 

Counterweight of car couplers or scrap iron_-__------ 450 pounds total. 

2826. Three-Barrel Buoy 

Three-barrel buoys have been used in the past. Their use is not recommended 
under ordinary circumstances because their larger, more cumbersome size makes them 
more difficult to build and to handle on board ship. The three-barrel buoy does carry 
larger banners which result in somewhat better visibility, but a heavier counterweight, 
heavier anchor, and stronger anchoring gear are required. 

Three 55-gallon barrels and a 4-inch square centerpole, 23 feet long, are used to construct the 

buoy. Two of the barrels are laid side by side on their bilges and temporarily secured. The center- 

pole is placed on top and parallel with the barrels, with two of its sides tangent to their bilges and 8 

feet of its length projecting above the tops of the barrels. The centerpole is then trimmed slightly 

so that, when the third barrel is placed on top and parallel to the lower two, it rests on them and the 

trimmed pole simultaneously. The three barrels are tightly bound together at each end with several 

turns of -inch galvanized wire cross lashed in the three spaces between barrels and made tight with 

Spanish windlasses, 

Wooden wedges are driven between the barrels and the centerpole to prevent movement of the 

barrels along the centerpole. Four pieces of 2- by 4-inch lumber, long enough to extend 6 inches 

beyond the edges of the barrels, are notched to fit the chimes of the barrels. Two of these, crossed 

at right angles, are nailed to the centerpole just above the barrels, and two just below, and the project- 

ing ends are tightly lashed with wire from top to bottom. 

A 2- by 4-inch mast, 131% feet long, on one end of which are crossed wire-screen banners, is spiked 

to the centerpole with an overlap so that the top of the banner is 16 feet above the top of the barrels. 

The centerpole is braced by four pieces of 2- by 4-inch lumber extending diagonally from its upper 

end to the outer ends of the cross braces at the tops of the barrels. The mast is also braced by four 

pairs of galvanized guy wires, each tightened by a Spanish windlass, extending from about the middle 

of the crossed banner to the outer ends of the cross braces. The centerpole below the barrels is 

braced by four 2- by 4-inch by 6-foot diagonals to the lower cross braces. 

Crossed banners as large as 6 by 8 feet in size may be used, but then a counterweight of at least 

700 pounds is required even for ordinary conditions of wind and current. The counterweight should 

be attached by suitable fittings to the lower end of the centerpole, so that it is readily detachable. 
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2827. Four-Barrel Buoy 

The four-barrel buoy, which has been used to some extent in the past because of 
its greater range of visibility, is essentially a float, made of four 55-gallon barrels, on 
which is stepped a mast supporting a flag and four skirt banners, 

The float is made of two crossed frames, each of which has an upright barrel at each end, which 

are bound together at their centers. Each cross frame is made of four pieces of 2- by 4-inch lumber 

24 feet long, two pieces on top and two on the bottom of the barrels. The pieces are spaced 12 inches 

apart horizontally by crosspieces and the upper and lower pairs are bolted to one another by four 

suitable iron rods at each barrel, spaced so as to enclose it, two on each side. The ends of the crossed 

frames are lashed to one another by 2-inch Manila rope to form a rope square around the float at the 

top and bottom of the barrels. At the center of the float the crossed frames are secured to one another 

by metal straps bolted around the 2 by 4’s where they cross, both at the top and bottom. A 4- by 

4-inch mast 36 feet long is stepped in the vertical space between the frames and braced by four diagonal 

guys from the middle of the mast to the outer corners of the float near the barrels. A large black 

flag is attached to the upper part of the mast and below the guys four triangular skirts of white signal 

cloth are tacked to the mast, the diagonal sides of which are lashed to the four guys. 

It is difficult to anchor and weigh this buoy with the gear usually available, and 
awkward to stow it on board ship unless the several parts are made so that they can be 
disassembled. 

283. ANCHORING GEAR 

The ground tackle used to anchor or moor buoys should be heavy enough:to pre- 
vent their dragging or the anchor cable parting during periods of heavy storms; but the 
anchors should not be so heavy or massive that they will be difficult to handle on deck 
or the anchor cable too heavy to be supported by the buoy. The choice of an anchor 
depends on the material available, the holding quality of the bottom, the type of 
buoy structure used, the handling gear available, and the depth of water at the anchor- 
age position. 

_ The anchoring gear used with sono-radio buoys is the same as for ordinary buoys, 
except that precautions must be taken to make all connections tight in order to eliminate 

noises that might be picked up by the sono-radio buoy hydrophone. When a relieving 
barrel is used the length of chain between it and the buoy structure is usually passed 
through a section of discarded rubber water hose to dampen the clanking of the chain. 

2831. Anchor 

Where they may be procured, junked railroad car couplers (drawheads) are 
standard equipment for use as counterweights and anchors. Used as anchors they 
have excellent holding qualities; they are convenient in size and weight for handling 
and, if available, can be purchased at junk prices. One car coupler weighs from 180 
to 300 pounds, depending on the type. One coupler serves as the counterweight for 
the one-barrel buoy and, with the addition of a small piece of pig lead, will serve for 
the East Coast sono-radio buoy. Several car couplers may be joined together for use 
as ananchor. For average holding bottom, three car couplers furnish enough weight 
(550 to 900 pounds) to anchor the one-barrel buoy. The three car couplers are laid 
side by side and fastened together into one unit by a half-inch iron rod inserted through 
the holes at the coupling-pin end. The ends of the rod are bent around the couplers 

with a sledge hammer. The lower end of the anchor cable is shackled to thisrod. The 
other ends of the couplers are lashed together with old pieces of heavy Manila rope, 
which also prevent them scarring the deck of the ship when they are moved about. 
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There are two general types of railroad car couplers, one incorporating a heavy 
steel spring used on passenger cars, and another without spring used on ordinary 
freight cars. The latter are shorter, stow better on deck, and are recommended when 
a choice is available. 

Junked car couplers are frequently available only at ports with extensive railroad 
yards. At other ports other material will have to be substituted. A suitable anchor 
may be made from condemned anchor cable. A 750-pound anchor may be made from 
7 fathoms of 1%-inch chain, faked in lengths of about 4 feet and securely wired together 
to form a solid mass. This forms an anchor that is easily handled and, because of its 
many irregularities, has good holding qualities. 

An anchor or counterweight may also be cast from concrete, but a mixture of 
cement, sand, and gravel only has too light a specific gravity. A mixture of one part 
cement and two parts sand should be used as a binder to hold together solid pieces of 
scrap iron to furnish the desired weight. A concrete anchor is usually cast in a square- 
shaped block in which an inverted U-shaped rod is embedded to which the anchor cable 
may be attached. A 12- by 12- by 26-inch form filled with 300 pounds of scrap or pig 

iron cast in concrete in this manner will weigh 450 pounds. This size is suitable for 

the counterweight of the two-barrel buoy. Two grommets of 4-inch Manila line should 

be spliced tightly around the block to serve as skids when the block is moved around 
the deck. 

Danforth anchors have recently been used successfully to anchor survey buoys. 
The Danforth anchor is a patent anchor of new design intended principally for use in 
anchoring yachts and motorboats. It is claimed to have a much superior holding 
power for its weight than other anchors of conventional design. The manufacturer 

claims a holding power of 200 or more pounds per pound of anchor weight. The 
anchors are made of cast alloy steel or nickel-chrome steel in sizes from 15 pounds up. 
The manufacturer is R. 8. Danforth, Berkeley, California; other manufacturers make 
anchors of similar design. 

The design makes the anchor self-burying in mud or sand bottom, where its use 
would seem to be most advantageous. One survey party substituted 30-pound Dan- 
forth anchors for 750-pound car-coupler anchors on two survey buoys and reported that 

they held through 50-mile gales. That survey party enthusiastically recommends 
their use. 

2832. Wire Rope and Chain 

The anchor cable with which a buoy is anchored is generally a combination of wire 
rope and chain, but variations in the types and sizes of these are necessary in various 
depths of water. In general, a larger diameter cable may be used for buoys anchored 
in shoal or moderate depths because they do not have to support such a long length of it. 

Chain should be used for that portion of the anchor cable adjacent to the anchor, 
which will chafe on the bottom. It is generally also used to join a relieving buoy 
to the buoy structure, if the former is used. Satisfactory results have been obtained 
with %-inch galvanized boat chain and its use has become almost standard for this 
purpose. 

In order to keep the weight of the anchor cable at a minimum, galvanized wire rope 
is used extensively. The two sizes in general use are %-inch and %-inch diameter, 

both of 6 strands of 37 wires each of extra strong cast steel. 

In general, the anchor cables of buoys, anchored in depths of 20 fathoms or less, 

may consist of *{-inch chain exclusively. In moderate depths, to 50 or 60 fathoms, the 
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cable is composed of half-inch wire rope with a section of chain near the anchor. For 
greater depths %-inch wire rope is used, the buoy containing sufficient barrels to suspend 
it (see 2833). 

For anchoring in extreme depths (500 fathoms and more) stainless steel wire rope 

of smaller diameter has recently been used with gratifying results. The sizes of com- 

mercially manufactured stainless steel wire rope recommended for this purpose are 
f6- and \-inch diameters in both 7 by 7 and 7 by 19 construction; the 7 by 7 is less 

flexible but more durable than the 7 by 19. The stainless steel wire rope is stronger 
and more durable than ordinary galvanized steel wire rope of comparable size, and costs 
approximately three times as much. The higher cost is warranted to prevent loss of 
buoys because of anchor cable failure, but aside from this the exclusive use of stainless 
steel rope may be actually more economic because of its more durable qualities and 
its resistance to corrosion. The life of ordinary wire rope, when constantly exposed 

to sea water, is seldom more than one season (6 months), but stainless steel rope will 
probably prove to have a usable life of several years. 

Galvanized iron used in conjunction with stainless steel rope in sea water is likely 
to corrode seriously if immersed much longer than 1 month. Direct contact between 
the two, sets up an active electrolytic action which removes the zine and corrodes the 
metal, the effect decreasing as the distance between the two increases. Stainless steel 
thimbles and shackles are available for use with stainless steel rope and annealed 
stainless steel wire should be used to serve all splices in such rope. Connections between 

stainless steel rope and galvanized chain or other fixtures should be made with stainless 
steel shackles and the galvanized parts protected with a coating of asphaltum paint. 

A survey party in the Gulf of Mexico in 1941 successfully used ordinary iron fittings 

with stainless steel rope in short sections of 20 to 30 fathoms in shoal water, but when 
these same fittings were used with long sections of 200 fathoms or more in deep water 
they corroded rapidly. The reason for this is not apparent. 

Experiments have been conducted recently with buoys in currents to determine the 
appropriate size of wire rope and chain and the reserve buoyancy required to prevent 
the buoy from being towed under. These experiments indicate that the horizontal 
force exerted by a current of 1 knot on the anchor cable of one bare 55-gallon barrel 
80 percent submerged, is about 11 pounds, with the force varying directly as the 
square of the current in knots (1.-e., a 2-knot current will exert a 45-pound horizontal 

force on the anchor cable). With two bare 55-gallon barrels in tandem the force on 

the anchor cable is about doubled. These tests proved that the types and sizes of 

wire rope and chain recommended above are sufficiently strong for any expectable 
conditions. 

2833. Lengths of Anchor Cable 

In order that the scope of a buoy and the variation in its position be at a minimum, 
the total length of the anchor cable should be the minimum that will be sufficient to 

maintain it in position. The holding quality of the bottom is an important factor. 
The buoyancy of the buoy also enters into the calculation because it may be towed 
under in a strong current, if a minimum of cable is used and the buoyancy is insufficient. 
If the buoyancy is sufficient but the cable is not long enough, the buoy may drag its 

anchor if the horizontal strain on it is great enough. 

Specific rules for lengths of cable cannot be laid down because of the wide variety of 
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conditions encountered, but in general the following should prove satisfactory for 
buoys in the open ocean, except where unusually strong currents prevail: 

(1) In depths less than 15 fathoms.—A total length approximately three times the depth, composed 

as follows: 

For ordinary buoys—three times the depth of %4-inch boat chain. 

For sono-radio buoys—twice the depth plus 2 fathoms of %4-inch boat chain, plus the depth minus 

2 fathoms of wire rope. 

(2) In depths from 15 to 50 fathoms.—A total length that is approximately twice the depth, 

composed of the depth plus 5 fathoms of %-inch boat chain, plus the depth minus 5 fathoms of wire 

rope. 

(3) In depths from 50 to 200 fathoms.—A total length that is approximately one and one-half times 

the depth, composed of one-half the depth plus 10 fathoms of %-inch boat chain, plus the depth 

minus 10 fathoms of wire rope. , 

(4) In depths greater than 200 fathoms.—A total length that is approximately the depth plus 100 

fathoms, composed of 110 fathoms of %-inch boat chain, plus the depth minus 10 fathoms of wire 

rope. 

When a buoy is to be used for only a short period of time or when it is anchored 
in an area where exceptionally good weather conditions prevail or in protected places, 
shorter lengths of anchor cable may be used. 

A proportionately longer anchor cable must be used in shoal water because heavy 
surges are likely to cause the anchor to drag, but in deep water the greater weight of 

the suspended cable dampens this effect. For deeper water enough chain should 

be used adjacent to the anchor so that the wire rope will touch neither the bottom 
nor the anchor at any time. Continual dragging over the bottom soon abrades the 
wire rope excessively and it is likely to become kinked if allowed to come in contact 
with and wrap around the anchor. 

2834. Parkhurst Anchor-Detaching Apparatus 

Considerable time is required and the hoisting equipment is subjected to excessive 
strain in weighing buoy anchors from depths of a thousand fathoms or more. There 
is also the danger of parting and losing the anchor cable. It is frequently more eco- 
nomic to detach and leave on the bottom the inexpensive anchor to ensure the rapid 
and certain recovery of the more expensive stainless steel anchor cable. To effect 
this an anchor-detaching apparatus has been designed consisting of three parts; a cone- 

shaped clamp, a detaching housing, and a heavy messenger. ‘These can be requisi- 
tioned from the Washington Office. 

The brass cone-shaped clamp, 4 inches long and 2 inches in diameter, consists of two halves 

between which the wire rope lies in a lengthwise hole of small diameter. The halves are bolted to- 

gether around the wire by four stud bolts in a recessed section of the cone. ‘The clamp is attached, 

pointed end uppermost, to the lower end of the wire rope which is to be retrieved. 

The detaching housing of cast brass is projectile-shaped, 11 inches long by 2%4 inches in diameter, 

and it too is constructed in two halves, called fingers. The two fingers are pinned together at the 

lower square end by a half-inch diameter hinge pin, which also passes through the end link of the anchor 

chain, which is to be left on the bottom. The interior of the upper tapered end of the housing is 

machined to fit the cone-shaped clamp. The fingers are held firmly together around the clamp by a 

fixed cross pin into a hole in which a trigger pin is inserted through a longitudinal hole in one of the 

fingers. The trigger pin is held in place by a lead shear pin. The trigger is formed by the lower end 

of the trigger pin being bent at right angles to extend well outside the housing, where it will be struck 

by the messenger on its downward trip as it passes over the housing. : 

The messenger is a 50-pound oval-shaped iron weight cast in two halves, which are hinged on 

one side and may be clamped together on the other side by two toggle-type trunk clasps. When 

clamped, it has a hole through the center about 3 inches in diameter, through which the housing can 

pass easily. 
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In use the apparatus must be attached far enough up the anchor cable so that it 
will not touch the bottom nor the anchor. Thecone-shaped clamp is attached to the 
lower end of the stainless steel wire rope and the detaching housing is locked in place 
around it. To the lower end of the housing is attached the upper end of the anchor 
chain. 

Before using the apparatus to detach the anchor, the anchor should be raised a 
few fathoms off the bottom in order to remove all slack from the anchor cable. With 
the anchor cable held taut, the messenger is secured about it and released. As the 

messenger passes over the releasing housing it strikes the trigger pin, and removes it 
entirely; the fingers are released and the weight of the anchor makes them spring apart 
and fall away from the anchor wire. Thus the releasing housing, messenger, and heavy 
chain and anchor are left on the bottom, while the anchor wire is hoisted aboard with 
only the clamp attached. 

2835. Methods of Attaching Anchor Cable 

There are a number of general precautions to be taken when buoys are anchored 
in exposed areas with a single anchor cable and are thus free to swing about their 
anchors with changes in wind and current. Swivels are usually used as connections in 
the anchor cable to avoid snarls in the chain and kinks in the wire rope. A %-inch 
galvanized drop-forged swivel or swivel shackle is satisfactory and one should be used 
at each end of the main anchor cable and at one end of any short section in which twists 
may occur, such as between the sono-radio buoy and the relieving buoy. 

Screw-pin anchor shackles are used to join sections of anchor cable and elsewhere 
where swivels are not needed. For the more permanent connections %-inch shackles 

are used, but a 34-inch size is recommended for any connection which must be quickly 
shackled or unshackled when the buoy is being anchored or hoisted aboard, because 

E 3d DIRECTION OF CURRENT 
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FIGURE 47.—Arrangements of buoy anchor cables. 
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it ise asier to engage and there is less likelihood of losing the larger screw pin. Because 
buoys are in continual motion, the screw pin of every shackle used should be secured 
by seizing wire through the shackle and the hole in the pin. 

The anchor cables of buoys used in shoal water and at places where the currents are not strong 

may be attached directly to the eyebolt in the buoy structure. A %-inch swivel is shackled to the 

chain (or wire rope) by a %-inch shackle, the other end of the swivel being shackled to the eyebolt 

with a %-inch shackle. The same arrangement of a swivel and two shackles should be used to attach 

the cable to the anchor. A buoy anchored in this fashion is sketched in A, figure 47. 

A sono-radio buoy is generally anchored with an intermediate buoy (relieving buoy) to support 

the entire weight of the anchor cable in the prevailing current. Ordinary survey buoys are frequently 

anchored in this fashion where strong currents are known or suspected to exist. All of the strain 

of the anchor cable is on the relieving buoy which allows the survey buoy to float upright so that the 

visibility will not be reduced. This general scheme is shown in B, figure 47. The relieving buoy is 

a 55-gallon steel barrel around each end of which %-inch chain is fastened between the end and the 

rolling tracks, drawn tight by connecting pieces of chain. The relieving buoy is connected to the 

survey buoy by means of a 4-fathom length of chain using a swivel at the survey buoy and a shackle 

or a 34-inch lap link at the relieving buoy. A shackle and swivel assembly is used on each end of the 

main anchor cable between the relieving buoy and the anchor. 

Discarded United States Navy buoyant mine casings may be obtained from junk 

yards in some localities, for use as relieving buoys. These casings are pressed steel 
spheres, 30 inches in diameter, with a swivel to which the anchor cable may be attached. 
To adapt them for use as relieving buoys, a U-shaped stirrup, with a 1-inch eye in the 
top, is welded to the side opposite the swivel. This stirrup may be made of %-inch cold- 
rolled steel rod and made large enough (at least a 4- by 6-inch opening) so that it may 

be readily engaged by a hook when weighing. 

The buoyancy of the unit may be increased by the arrangement shown in C, figure 47. A short 

pendant of %-inch chain (about 1 or 1% fathoms) from the relieving buoy supports a ring to which 

the anchor cable and the connecting chain between buoys are secured. The pendant allows the strain 

of the anchor cable to be carried by both buoys. The length of the pendant chain should always be 

somewhat shorter than the connecting chain so that the buoys will not be brought together. This 

arrangement should not be used on sono-radio buoys 

because their heavier weight leaves little reserve buoy- 

ancy available to carry the weight of the anchor cable. 

Occasionally the anchor gear of a buoy must be 

hoisted on board before the buoy itself, and when this 

is necessary a substitute method of attaching the anchor 

cable to the buoy structure, as illustrated in figure 48, 

has been used to advantage. Three eyebolts are used 

in the buoy structure, one above the waterline and two 

spaced 2 inches apart at the position where the single 

eyebolt is usually placed on the one-barrel buoy (see 

2824 (A)). Aniron rod, bent at right angles at one end, 

passes through the three eyebolts and is of sufficient 

' length so that its lower end extends a few inches below 

the lowest one. 

The upper end of the anchor cable is made with an 

eye which is placed between the two lower eyebolts when 

the rod is inserted, thus securing the anchor cable to the 

buoy so that it can be easily and quickly detached. A 

lanyard, of the same material as the anchor cable, is 

spliced into the eye at the end of the anchor cable by 

WATER LEVEL 

q } 4 # means of an eye splice. The lanyard is long enough to 

SCALE IN| FEET extend above the waterline, and the upper end, in which 

FIGURE 48,—Arrangement for a detachable buoy there is a large eye splice, is secured to the buoy structure 

anchor cable. with a light lashing. After a hoisting line has been 
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secured to the upper end of the lanyard, the anchor cable may be detached from the buoy by removing 

the iron rod with a boat hook, the light lashing breaking easily. This allows the buoy to float free, 

to be picked up later, and makes it possible to hoist the anchor cable and anchor on board before the 

buoy structure is weighed. 

2836. Anchoring to Reduce Scope 

If buoys are used in a large-scale survey of a shoal area, the swinging of the buoy 
around its anchor must be minimized in order to reduce as much as possible any un- 
certainty of position. This is difficult to accomplish, for it is usually madvisable to 
reduce the length of the anchor cable and thus risk dragging the anchor. 

The swinging radius of a buoy may be entirely eliminated by mooring with two 
or more anchor cables. Buoys used by the Coast and Geodetic Survey are rarely 
moored because the scale of the survey in which they are used is generally compara- 
tively small and because of the additional work and material required in the duplicate 
anchors and cables. A satisfactory mooring with two anchor cables may be effected 
if the two anchors are placed in line with the direction of the prevailing current, as 
illustrated in:A, figure 49. The method of mooring with two cables is described in 2851. 

|e 

DIRECTION OF CURRENT 

FIGURE 49.—Buoys anchored so as to reduce scope. 

A simpler method of reducing scope which is satisfactory for most purposes is 
illustrated in B, figure 49. A weight (65 to 100 pounds), attached to the anchor cable 

about 2 or 3 fathoms above the bottom, acts as a buffer to reduce the effect of surges “ 
- on the cable and permits the use of a shorter length of cable. The weight also aids 
in keeping the buoy structure more nearly upright and over the anchor position. 

465382—44—18 
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284. SoNo-RADIO Buoy 

The sono-radio buoy, which is used to replace shore and ship R.A.R. stations in 
most of the offshore surveys, is a comparatively recent innovation. 

The possibility of using a sono-radio buoy to replace a ship R. A. R. station was 
first proposed in 1931. Actual development was started in 1932-3, postponed, and 
resumed in July 1935. A sono-radio buoy was first successfully tested at sea on June 
13, 1936, and they were in actual field use by the ships Lydonia and Hydrographer in 
July 1936. This was after the design of survey buoys had been more or less standard- 
ized, so it was natural that the first sono-radio buoy should resemble the survey buoy 
that had proved to be so satisfactory. 

There are two types of sono-radio buoy structures: One is an adaptation of the 

standard one-barrel survey buoy, modified to enclose the electric equipment and to 
serve for the sono-radio buoy structure. It is used principally on the Atlantic and 

Gulf Coasts and is known as the East Coast sono-radio buoy. The other, known as 
the Vincent sono-radio buoy, is of all-metal construction and is adapted for use on the 
Pacific Coast and in Alaska. These buoy structures cannot be considered standard, 
as further developments and improvements are to be expected. The electric equipment 
for these buoys is described in section 65. 

2841. East Coast Sono-radio Buoy 

The sono-radio buoy that has been developed for use on the East Coast (fig. 50) 
is similar to the one-barrel buoy described in 2824, but is of heavier construction to 
adapt it for use in any locality and to support a heavier counterweight and the sus- 
pended hydrophone. The superstructure is made slightly longer to accommodate the 
required length of antenna. 

In localities free from strong winds and currents, a sono-radio buoy similar to the one-barrel 

survey buoy but somewhat lighter in construction, has been satisfactorily used. The superstructure 

is made of 1- by 4-inch lumber instead of 2- by 4-inch as is used in the one-barrel buoy. A special 

150-pound cast-iron weight, cast to fit between the lower ends of the vertical members, is used as a 

counterweight. 

The following specifications and list of materials are for the standard East Coast sono-radio buoy. 
The electric equipment is described in 652. 

(A) SPECIFICATIONS FOR EAST COAST SONO-RADIO BUOY 

The lower parts of the vertical members are 4 by 4 inches in size, each formed of two pieces of 

2- by 4-inch by 18-foot lumber, spiked together, to which the counterweight is attached. The one 

car coupler, with added weight, composing the counterweight is held firmly between the two vertical 

members by two through bolts. Wooden wedges are driven between the upper end of the car coupler 

and the frame at the upper bolt, to prevent any movement in the frame which might result in a sound 

that could be picked up by the sensitive hydrophone. 

Two barrels, a large and a small one, are generally used for greater stability, but it may be con- 

structed with the larger barrel alone, in which case the size of the counterweight must be limited to 

one standard car coupler of 180 or 200 pounds weight. ‘The large barrel, made of 16-gage galvanized 

iron, is 40% inches high, 22 inches in diameter, has a capacity of about 65 gallons, and contains all the 

radio equipment and batteries. The barrel usually used for this purpose is Wilson and Bennett Com- 

pany No. 6546G, or equal. 

The smaller barrel is made of 19-gage galvanized iron, is approximately 38 inches high and 18 

inches in diameter; it contains no equipment and it is used only for additional buoyancy. Wilson 

and Bennett Company barrel No. 3539G, or equal, is satisfactory for this purpose. 

The large barrel has a detachable cover, 15 inches in diameter, held in place by twelve %.6-inch 

bolts and made watertight by a tubular rubber gasket that fits under the cover. In the center of 

the detachable cover is a 24-inch threaded opening, fitted with a screw plug, through which the sen- 
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sitivity of the sound receiver may be adjusted without removing the entire cover. There are two 

other threaded openings in the head of the barrel, on opposite sides of the 15-inch cover, fitted with 

l-inch packing glands. The hydrophone lead passes through one of these openings and the antenna 

lead through the other. When the sono-radio buoy is assembled the radio equipment is attached to 

the underside of the cover, and the batteries, packed securely in a wooden rack of circular shape, are 

placed in the bottom of the barrel and held in place by wooden wedges. 

The large barrel is held in the frame by means of two semicircular iron straps around the barrel 

near its top, bolted to the frame with through bolts. Two wooden cross braces, notched to fit the 

chimes, are nailed to the two sides of the frame to hold the bottom of the large barrel in place. The 

small barrel is placed below the large barrel, the undersides of the same cross braces being notched to 

fit its chimes. The lower end of the small barrel is held by the tie rod which is drawn tight enough 

to hold it securely in the frame. 

The vertical frame is extended 6 feet above the top of the barrel by two pieces of 2- by 4-inch lum- 

ber nailed on each side. To each of these is bolted a piece of 1- by 4-inch lumber to support the 

antenna mast. The mast may be made of either 1- by 4- or 2- by 4-inch lumber held in place between 

its supporting pieces by bolts. The antenna is secured to the narrow edge of the mast by means of 

screw-type house bracket insulators. The entire antenna assembly is bolted to the frame so that it 

may be detached. The rope hoisting sling and the eyebolt, to which the anchor cable is attached, are 

assembled as explained in 2824(C). 

A 2- by 4-inch crosspiece is nailed across the upper ends of the two 2- by 4-inch lower frame 

members just above the upper tie rod. This crosspiece serves to support a watertight box containing 

the antenna coupler, high enough so that it will not be submerged. 

The hydrophone is suspended by a *%-inch flexible copper cable from a 2- by 4-inch crosspiece 

nailed on the lower frame 2 feet above the top of the counterweight. The hydrophone lead is secured 

to the wood frame by brass clamps (although not so shown in the figure) and extends to the hydro- 

phone with sufficient slack so that the weight of the hydrophone is not suspended on the lead. Both 

the copper cable and hydrophone lead are enclosed in a section of discarded rubber hose which protects 

them from chafing. The hose is secured to the lower end of the counterweight. 

Flags and screen-wire banners should never be used on sono-radio buoys, because 
if either touches the antenna, the circuit is affected. Small crossed banners made of 
cloth, not larger than 18 inches square, may be used. They should be nailed to the mast 

so they do not touch the antenna, and the cloth should be secure enough so that there 
is no likelihood of it tearing and being blown against the antenna. Banner masts 
should not be attached above the antenna masts, because the added strain may break 
the antenna mast. 

(B) LIST OF MATERIALS’ FOR EAST COAST SONO-RADIO BUOY 

Number 

Description Size required 

amber (See:281) sees See Ee Pe ee Qe Dy AVA YL B tee wae Se ke wee Se ee ee 4 pieces. 

HEI Dery (SEC) 281) Bienes ee ee ee afl OAL EA Oni ie gees ee sd AE ae 2 pieces. 

ILyibea ovreN Chey.) De ee ee ee eee EAD on ae Ae] Ong Uo} ee eee UR in os RE ee EES 2 pieces. 

TIM DOTA (SCCHLSE) eae eee ee ee I ere LD yeh yalO! 22 ee a ee Ape Sac ire 1 piece. 

Wid SOS WOOGEN staat ee ee et dE COL es Soe a a ee ee 2 each. 

Barrel, G. I., with special removable head_________- 6bizallonss22/aciiaim eters saree eee nec era 1 each. 

Barrel Glee aw see tee ees PA oD ele a ee s0itosoreallons.18)4diametersen=sas= sae en eee 1 each. 

Cancoupleresse = a2 ee ewe a ee eae aS Weight added to make 250 pounds___-_______._______- 1 each. 

IBOltswathvhexagonaliniUtssee ees ee SBA DV ALG! iss 5 es Stake eS ran ee es ls St ee 2 each. 

WASHER DIALCSee ne et ee a eae ee Srby oO byesjanilled foros!” bolis=== ees 4 each. 

Strap, bent to fit semicireumference of large barrel_. 2’’ by 14” by 36/’______________________________________ 2 each. 

Rod, tie, threaded both ends_.___...-...-..----_-_-- bY ARG ON 04a Vide ee SOLO ee Se ee LT ge ee 1 each. 

Rod we sthreadedibothiendsse tee PS DY eco ace fers a oS oe oe ee ee 1 each 

1 BYO) Ue ee ee Be ee ee ae VoD Va Oi es fees ea ee ee Eee ee ae 4 each 

NES OL CSB see eee cen fa ee ete tae oN LS ede USGA ON sa tye ea el SE a al 7 each 

Bolts, with countersunk head_________________-____- Pau yyA iy sian Meares ed wore #4” Ee Sa eee ee 4 each 

Nuts Mhexae ona lee ees Ne a eee CCE TBE, LA ORE RG NO IEE OY 2 tho SU he eee 19 each 

NAMES ig ee ee Se ee at Ob yaste na (etter ehole) tas. 2 ee ae er ek 22 each. 

Eyebolt, with hexagonal nut and washer___________- SATIS VAG N(x mere en ey eS ee pe a ee BO 1 each 

IN 11S Bere eee te en ne eee es ee ects 12d. and 20d 

FRODGsp lanila ess atnnt ne ee te ene ce ee Se Ce SACS OE Sea ee LE 2s EE ae ee 15 feet. 

Standard enameled buoy plate___________ ye Ss oe ok a ANE SES sone dees fees ease ee 1 each. 
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FIGURE 50.—East Coast sono-radio buoy structure. FIGURE 51.—Vincent sono-radio buoy st:ucture. 
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2842. Vincent Sono-radio Buoy 

The Vincent sono-radio buoy (fig. 51) was designed on the Pacific Coast and it is 
particularly adapted for use on that coast and in Alaska where it has been used ex- 
clusively. It is of all-metal construction, comparatively light in weight, and is easy to 
handle in anchoring and weighing. The various parts are detachable and the buoy 
occupies little stowage space on board ship. The electric equipment for this buoy is 

described in 651. 
(A) SPECIFICATIONS FOR VINCENT SONO-RADIO BUOY 

There are, essentially, three parts to the Vincent sono-radio buoy: A steel barrel containing the 

radio equipment and batteries; a superstructure that consists of an antenna, antenna support, and 

suitable insulating equipment; and an underwater extension incorporating a counterweight. 

The barrel is of a standard 55-gallon bilge type construction. It is made of 13-gage chrome 

steel, hot-dipped galvanized, and it is strong enough to need no external ribs or bracing, offering min- 

imum resistance. to wind and current. The barrel has a full removable cover, whose edge is rounded 

to fit the rolled chimes of the barrel. The cover is held on the barrel by a semicircular, split ring, 

fitting over the rounded edges of the cover and chimes. The cover may be removed when one bolt is 

loosened in the split ring, allowing it to spring apart. The barrel is made watertight by a rubber 

gasket fitting under the cover. The cover is made of 12-gage chrome steel and in it is a 4-inch hand- 

hole, fitted with a screw plug and gasket, and two watertight packing boxes in holes near the edge 

of the cover through which pass the leads to the antenna and hydrophone. 

The superstructure of the buoy is supported on the barrel cover; it consists of a tripod support, 

an insulator which encloses the antenna coupler, the antenna which is made of one or two sections of 

metal tubing and a duralumin pennant, and three insulated wire guys attached to the barrel. 

The tripod support consists of three pieces of 1- by 44-inch strap iron welded to the cover, sur- 

mounted by a 6-inch diameter plate. A 3-inch pipe flange is welded to the top of the plate to hold 

the antenna insulator. 
The main antenna insulator is a bakelite cylinder of 3%4-inch outside diameter, 2!4-inch inside 

diameter, and 12 inches long. Both ends of this cylinder are turned down on a lathe and threaded, 

one end to fit in the 3-inch diameter pipe flange and the other end to take a 3-inch pipe cap. While 

it is in the lathe, grooves are cut in the outside surface of the bakelite to increase the leakage distance. 

The antenna is usually made of one 12-foot section of 20-gage chrome-molybdenum steel tubing 

of 14-inch diameter, which is threaded into the pipe cap fitting on top of the antenna insulator. An 

additional 4 feet of 34-inch diameter rod of aluminum alloy and a duralumin pennant may be used if 

desired. The antenna is supported by three guys whose upper ends are attached to a guy collar 

clamp, and which lead, through turnbuckles, to a three-segment ring, which is bolted around the 

barrel under the chime by means of three dogs. The guys are made of %¢-inch stainless steel cable, 

7 by 7 construction, and each guy includes four 2-inch porcelain insulators, two near the top and two 

near the bottom. 
The bottom structure consists of a tripod support made of 1%- by \4-inch strap iron welded to 

two semicircular pieces of metal that fit and clamp to the bottom diameter of the barrel, and welded 

to a collar clamp which fits a 2-inch diameter water pipe. The water pipe, used for the counterbalance, 

is usually 7 feet in length and is counterweighted with 25 pounds of lead that is melted and poured 

into its lower end. The upper end of the pipe is screwed into a 2-inch pipe flange welded to a 6-inch 

diameter plate on the bottom of the barrel. This plate is held in the center of the tripod by radial 

strips welded to each leg which serve to stiffen the structure. The pipe is then braced where it passes 

through the collar clamp. Screwing the pipe into the pipe flange permits the use of varying lengths 

of pipe to obtain a proper balance for the buoy. 

The buoy is provided with a hoisting sling, made from *4-inch galvanized steel cable, with an eye 

spliced in each end. The sling is attached in the bolts for the dogs at the upper and lower ring clamps, 

and the anchor cable is shackled to the opposite dog bolt on the lower ring clamp. 

The antenna lead is carried through one of the watertight packing glands through a }4-inch welded 

tube to the antenna coupler in the bakelite insulator. The lead to the hydrophone is carried through 

the other watertight packing gland to the hydrophone which is suspended by a cable lashed to the 

bottom of the counterbalance pipe. 
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(B) LIST OF MATERIALS FOR VINCENT SONO-RADIO BUOY 

Number 

Description Size required 

Barrel, bilge type, full removable head_-_------------ bbycaliont ** esse. 5 a eee 1 each. 

Mu Din gis 228 Machen peeve Slee eek Sao A 20 e514. diameter: 2. =262- 242 -=84 5 eee eee 12 feet. 

Te pine | (Options) 2s sae Seen ee ee eee 26/0 <34/) diametersiss 232-2 a o- ee ee eee 4 feet. 

Pennant(optionsal) Sae- 2. ae ee eee 26e S12 iy WOE cen ae ee eee ee eee 1 each. 

Insulator; ibakelites =.= === === === == eee eee oe 24 i. dabysi4'0. 0d. byl2/ long == ene 1 each. 
Pipe flange and pipe cap, cast bronze, for insulator__ 3’’, standard pipe thread_-_----__---------------------- 1 each. 

Guy. cable, stainlessisteelese se o= = ene ene Sen ey, (-CODStLUClIONN. 55 8 ea 25 feet. 

Insulators, guy, airplane, porcelain___--------------- QS st as Sn ee ee 12 each, 

Turbuckles:(Gile =a2 ae se ee ees ee eee aes 36-6“ opening = 2-2-5 2 ses eS ee ee 3 each. 

Guycollar:clam press s2 nese on ee ae eee TU SDN ete a eee 2 eet oe ee ee 1 set. 

Stra putomen ee eee ee ee eee Mee yeh gels: oso eee pee eee ee ee 12 feet. 

Strapiiron..oe ee See ee eee eee ea Te yg. wee See Se ee eee 18 feet. 

Hi yebolts! 214-2 Ss = 6 eee ee eee SEU by Ato eS ee ee a ee ee eee } 3 each. 

iBolts‘andinuts)= =e eee ee ek ee IED YO! soo aactee se cunt he ee eee 5 each. 

Pint Om Gel S Ss tee ee ae eee eee eee fn ee 14/pyi6' diameters 222. = Se a ee 2 each. 

BIDE MW AtCL) Gi Us See er eee ee eee QUIS oe se ee a ee 7 feet. 

Pipe fange se S22. elie Pe eee ee for 2) waterspipe. {cae = 2 see eee te eee ee eee 1 each. 

Head, pig) for counterweizhtin bottom\of pipes ---- = 25") 5s eee ee eee pOuUnOs: 

Hoist loop) steelicable== == ss ee 70! with\-GWOley.e SPICES se = a ee 40 inches. 

i 2843. Streamlined Buoy 

A streamlined buoy has been designed for use as a sono-radio or radio-current buoy. 
Preliminary use of this buoy indicates that it may have many advantages where strong 

WATER LEVEL 

LEADER 
3 

TO ANCHOR 

WATER LEVEL 

TO ANCHOR 

FIGURE 52.—Streamlined buoy for use in strong currents. 

currents are prevalent. Figure 52 indicates its general appearance. Construction 
specifications and drawings are available. The buoy itself weighs 250 pounds and dis- 
places 1,450 pounds; fully equipped as a sono-radio buoy it weighs 450 pounds. 

This buoy maintains an antenna nearly vertical, well out of the water, in a 
comparatively rough sea and strong current, and it floats steadily without yawing. 

When used as a sono-radio buoy, it seems to produce no objectionable water noises to 
be picked up by a hydrophone. The strain on the anchor line is less than with con- - 
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ventional barrel buoys, permitting the use of lighter anchor gear. Stainless steel 

wire rope, %» inch in diameter, composed of 7 strands of 7 wires, has been used satis- 
factorily for anchor cable. 

The actual buoy has been towed at 10 knots, remaining steady and seaworthy. 
Anchored by the swivel.yoke, with no relieving buoy nor counterweight, in 62 fathoms 
it has streamed safely in a 4-knot current; it was anchored by a 190-pound stockless 
anchor and a 185-fathom anchor cable. Model tests indicate that in a 10-knot current 
the anchor cable must be long enough so that it will lead not more than 30° below the 
horizontal, and in a 6-knot current not more than 45° below the horizontal. 

Cross braces are provided in the buoy to which to secure the radio equipment and 
batteries. The buoy must be loaded well aft, using ballast if necessray to maintain a 
trim about 15° down by the stern, and for deep anchorages in strong currents a suf- 
ficiently long anchor cable must be used. Unless a fixed counterweight is used, the 
buoy must be anchored by means of the swivel yoke, otherwise the height and weight 
of the antenna may capsize the buoy. 

Moored by a cable leading horizontally, as to a relieving buoy, the streamlined 
buoy with fixed counterweight may be used safely in any current likely to be encountered. 

285. Hanpiinc Buoys From THE Sutpe 

Buoys are anchored and weighed from the deck of a survey vessel equipped with 
suitable tackle, booms, and winches to handle the required weights. The essential 
equipment is: A strong cargo boom that may be rigged so that its end extends beyond 

the ship’s side, a heavy-duty capstan or an anchor winch with drum (niggerhead) 

powerful enough to hoist the required weight, adequate tackle so arranged that the 
running fall will pass freely between boom and hoisting equipment, and sufficient 
deck space under the boom in which to rig and handle buoys. The tackle should be 

rigged in as simple a manner as possible and arrangement made for changing falls by 
the use of snatch blocks. This is of special importance in weighing buoys if only one 
winch is available for hoisting. If a survey ship is not equipped with a cargo boom, 
buoys may be handled with a boat davit amidships, although generally not with the 
same facility. On a single-screw vessel a davit on the port side should always be used. 

Buoys are handled best from the port side of a single-screw vessel, because it 

generally backs to port, turning the bow away from the buoy when it is released. 
Buoys may be handled from either side of a twin-screw vessel, the engine opposite 
from the buoy being used in backing away in order to swing the bow away from the 
buoy. The side of the vessel from which buoys are to be handled must be free from 

other outboard rigging which might foul them while they are in the water alongside. 
The locations of the wire sounding machine and the electric submerged log must be 

considered. The submerged log should always be drawn inboard when weighing 

buoys, but this is not necessary when anchoring them provided the log is on the opposite 
side. Interfering awnings and wind breakers should be removed, in order that the 
officer on the bridge may have an unobstructed view of all operations and be able to 
maneuver the vessel to the best advantage at all times. The rail and side of the ship 
under the cargo boom should be protected from possible damage by boards or other 

fender material, especially when buoys are handled in rough weather. 
In handling buoys, an efficient and experienced deck force is required, so that 

each member has his several duties to perform, and performs them rapidly and effi- 
ciently in a cooperative manner to the end that the job will be completed in the least 

possible time. Each member of the crew should be assigned a succession of duties; 
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and after each is completed, he should, on his own initiative, obtain the implement or 
material required next and stand by ready to perform his next duty at the required 
time. The officer on the bridge should watch every detail of the operation, to see 
that it is correctly executed, and so that he can assist by maneuvering the vessel cor- 
rectly at the proper time. Shouted instructions between the bridge and the deck, 
which risk being misunderstood, should be unnecessary. The required maneuvers 

should be anticipated and the officer on the bridge should always have the ship in the 
proper position to facilitate the operations. 

Twin-screw vessels are generally easier to maneuver into position than single- 
screw vessels. The heading can be more easily maintained and the direction of the 
heading may be changed without changing the ship’s position appreciably by working 

the engines against each other. Maneuvers must be made with greater caution and 
at a slower speed with a single-screw vessel. 

Regardless of the type of vessel, buoys are anchored with the wind or current 
acting against the side of the ship from which the buoy is to be released. The wind 
should preferably be about four points on the bow so that the ship will drift away 
from the buoy when it is placed in the water. The ship should always have a little 

sternway when the buoy is released; never under any circumstances, headway, if the 
buoys are handled from the bow. As the ship moves slowly astern the anchor cable 

is payed out until it is all clear, when the anchor is released. The ship should have 
sufficient sternway to clear the position, for the buoy is towed toward the anchor as the 
latter sinks to the bottom. 

The maneuvers required to go alongside a buoy to weigh it or change the buoy 
structure are more difficult. The ship should be maneuvered to a position on the 
downstream or lee side of the buoy. This may be determined by the direction between 

the buoy and its relieving barrel or, if no relieving barrel is used, by the rope hoisting 
sling which is always located on the opposite side from the anchor cable. When the 

ship is in the appropriate position it should be headed into the current, directly for the 
buoy, and the speed reduced. The approach should be painfully slow in order not to 

overrun the buoy, but steerageway must be maintained. The approximate speed of 
the ship may be judged by the ripple marks, bubbles, or small pieces of floating matter 

on the surface of the water as they are passed. The last hundred meters should be 
traversed with the engines stopped, so that they may be reversed momentarily when 

the buoy is on the bow and the ship will be almost stationary when the buoy is directly 
beneath the cargo boom, and can be maintained in that position until the buoy is 
hooked. It should never be necessary to give the ship sternway as this is likely to 
turn the bow too far away from the buoy. If the buoy can be hooked quickly enough, 
a very little headway is advantageous to avoid putting a strain on the anchor cable, 
since the anchor is still ahead of the ship. This requires delicate maneuvering, and 

considerable experience is necessary before buoys can be regularly weighed expeditiously 
with a single-screw vessel without damaging them. 

In general, the necessary maneuvers are more easily made in moderate currents 

and moderate winds, because stecrageway can be maintained with little or no head- 
way. Surprisingly enough a calm sea with no current nor wind is not a particular 
advantage in weighing buoys, especially with a single-screw vessel. The following are 
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probably the most favorable conditions in the order of preference, although there is no 
general agreement as to this: 

(a) Moderate current, no wind, no sea. 

(b) Moderate current, light breeze (in same general direction as current), no sea. 

(c) No current, moderate breeze, little sea. 

(d) No current, no breeze, no sea. 

However, when the direction of the current is at an angle with the direction of a 
strong wind it is frequently difficult and at times impossible to weigh buoys. Under 
these conditions, the ship should be headed for the buoy in a direction to head into the 
stronger of the two, or on a heading midway between them. Maneuvers have to be 
made at a faster speed and more use is made of the engine in maintaining the course. 

_ Where wind-induced currents prevail, for lack of better information, coastal currents 

may be assumed to set in a direction about 20° clockwise from that direction toward 
which the wind blows (in the Northern Hemisphere) and in the open ocean about 40° 
clockwise. For the Southern Hemisphere the differences are in a counterclockwise 

direction. The rule for coastal currents is not always applicable, especially when near 
the shore where the direction of the current depends on the angle between the wind 
direction and the coastline. 

In strong winds and currents the deck force has to act speedily in engaging the 
buoy and hoisting it aboard. After the buoy is on board, the ship should be held in 
position over the anchor so that the anchor cable will be approximately vertical while 
it is being weighed. The anchor cable may lead slightly outboard or fore and aft, but 
it should never be allowed to lead under the ship because of the strain and danger of 
parting it. 

It is difficult to substitute one buoy structure for another without disturbing the 
position of the anchor, particularly when the sea is rough or when the wind and current 

are in different directions. For this operation it is necessary to hold the ship in position 
on the required heading for the comparatively long time required to perform the neces- 

sary operations on deck, without putting any strain on the anchor cable. Only if the 

heading can be maintained, with the anchor cable hanging almost vertically in the 
water at all times, is there complete assurance that the anchor has not been dragged 
from its position. With a twin-screw vessel this operation is performed much more 

easily than with a single-screw vessel. 
Buoys may be anchored during comparatively rough weather or during periods of 

poor visibility. Unless it is necessary that they be in alinement, they may be anchored 
during fog. Even during poor visibility they may be alined satisfactorily for a buoy 
traverse by the observation of a back bearing on each successive buoy just before it is 

lost to view, in order to establish the correct course to run to the next. In weighing 
buoys, fair visibility is required in order to find them, and the sea must not be so rough 

that it is impossible to come alongside them to hook them with the hoisting line. 

2851. Anchoring Buoys 

The usual method of anchoring buoys in average depths of water for buoy traverses 
is to lower the buoy structure into the water first, followed by the relieving barrel, if 

used, with the anchor cable attached. The ship is then allowed to drift, or is backed, 

slowly away from the buoy as the anchor cable is payed out. The wire rope section 

465382—44——_14 
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of the cable must be payed out with caution to ensure that it does not kink during the 
maneuver. Several men assist in this operation; one man uncoils the wire rope, another 
straightens it, and a third, at the rail, watches to see that it is not payed out too fast. 
The chain, previously faked on deck, is payed out much more easily. In the meantime 
the anchor, held by a trip hook, has been hoisted over the side and is released when 

the end of the anchor cable is reached. 
Where a buoy must be anchored exactly at a certain preselected position, the 

above method cannot be used because of the impossibility of releasing the anchor at 
the desired position. The procedure must be reversed and the anchor lowered first. 
The buoy and all of its gear are assembled on deck in readiness, the anchor with the 
cable attached is hoisted over the side, secured at the rail by a trip rope around the 

anchor cable, and the wire rope and chain are faked in loops on deck in a manner to 

pay out freely. When the approximate position has been reached, the buoy with 

anchor cable attached, is hoisted over the side and lowered to the surface of the water 

by a trip line and held in readiness. Upon receipt from the bridge of the signal to let 
go, the anchor is dropped by releasing the trip rope from the anchor cable. The ship 
should be given sternway and the remaining anchor-cable allowed to run out. When 
it is all clear, the buoy is released by means of the trip line and allowed to float free. 
This method is generally used for only moderate depths; it is not recommended for use 
in deep water because of the risk of kinks in the anchor cable and possible injury to 

personnel as the anchor cable runs out at great speed. 
In deep water, buoys are anchored either by stretching the anchor cable in fleets 

over the side of the ship from forward to aft or by carrying the cable out in a launch. 
In the first method the cable is drawn taut and secured over the side by light marline 

lashings at the ends of the loops and lashings of double sail twine at three intermediate 
points between loop ends. The upper fleet should be placed over the side low enough 

to be free from all obstructions on the ship’s side. Each successive fleet should be 
about 2 inches lower than the preceding one. The anchor is attached to the end of the 
cable in the lowest fleet and is suspended over the side by a trip rope. 

The buoy and its relieving barrel are lowered into the water and the ship is backed 
away while about a hundred fathoms of the upper part of the anchor cable, not included 
in the fleets, are payed out. When all of this anchor cable is over the side, the anchor is 

released by the removal of the rope stop and allowed to drop. As it sinks, its weight 

breaks the lashings on each successive fleet, but its descent is retarded so that the cable 
is payed out gradually. It may be necessary to cut the last few lashings if the anchor 

reaches bottom before all of the cable is payed out. 
In the second method the anchor cable is towed out by a launch in a direction 

against the wind or current. A barrel or several spherical buoys are attached to that 
end of the cable and when the cable has all been payed out, the barrel is set adrift from 
the launch simultaneously with the release of the anchor from the ship. The barrel 
supporting the end of the cable is later replaced by the desired buoy structure. 

Buoys are moored with two anchor cables by a combination of methods. The 
anchor of the first mooring cable is released and allowed to reach the bottom. The ship 
is allowed to drift with the current while the cable is payed out, the buoy is lowered into 
the water and the ship continues to drift while the second cable is payed out. When 



Pace 187 CONTROL AND SIGNAL BUILDING 2852 

all of the cable is out and begins to tauten, the second anchor is released and allowed to 
sink to the bottom. To be most effective the two anchors should be alined with the 

direction of the prevailing current and the buoy should therefore be anchored when the 
current is running strongly. If this is not practicable, the vessel may sometimes be 
maneuvered with difficulty uf the right direction by the engines. 

An anchor trip hook is almost indispensable in lowering buoys and buoy anchors 
over the side. By its use the buoy or anchor may be lowered to the surface of the water 

before release. The hook should be attached to the regular fall with a snap hook, so 
as to be interchangeable with a different type of hook (see 2852), which is needed for 

weighing buoys. A light lanyard is attached to the trigger of the trip hook, by means 
of which the buoy structure, or the anchor, is released when it is flush with the surface 
of the water. Another valuable accessory for use in anchoring buoys is a long light- 
weight pole with a metal U-shaped fork on the end with which the buoy can be pushed 
clear from the ship’s side after it is afloat. It is frequently necessary to fend off buoys; 

sono-radio buoys particularly should never be allowed to scrape along the ship’s side 
because of possible damage to the antenna. 

2852. Weighing Buoys 

In weighing a buoy the ship is brought alongside and the hook on the end of the 
hoisting line is engaged in the rope sling on the buoy structure and the buoy hoisted to 

the rail. The chain between the buoy and the relieving barrel is stopped with a tie 
rope at the rail and the chain unshackled from the buoy. The buoy is then hoisted 
aboard and placed on a two-wheeled truck; the banners, flags, and counterweight are 
removed and the bare structure is rolled away and stowed. Meanwhile the relieving 
barrel has been hooked and hoisted to the rail and the anchor cable stopped with a tie 

rope at the rail. The barrel is unshackled and brought aboard and stowed. A whip 
line is shackled to the end of the anchor cable and carried to the winch head through 

appropriate blocks on the cargo boom and fair-leads. The sheaves and fair-leads must 
be large enough to permit the shackle and eye splice or any other connecting fittings to 
pass through them without jamming. When all is ready the rope stop is removed and 
the weighing of the anchor cable is started. This consumes considerable time, depend- 

ing on the length of cable and the speed of the winch, permitting the deck force to clear 
the deck before the anchor is awash. As the wire rope comes off the winch head, it is 

coiled by two members of the crew. If the wire rope is in sections, they are unshackled 

and the length of each is noted on it for future use. When the anchor is awash, it is 
hosed off if necessary, brought aboard, and stowed at a convenient place nearby. 

Haste is not required in weighing buoys, unless the sea is rough and the ship is 
likely to drift over the anchor cable, but as in anchoring them, each member of the deck 
force should have his assigned duties, which should be performed smoothly and without 

confusion in order to expedite the operation and consume as little of the ship’s time as 
necessary. 

When buoys are weighed during rough weather or adverse conditions, it is frequently 
impossible to maneuver the ship right alongside them to engage the hook in the rope 

sling. If the buoy is not too far away from the ship it may sometimes be reached 
with a large hook on the end of a light pole, or a heaving line may be thrown to catch 
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in the structure or around the buoy so that it may be drawn 
alongside. A light grapnel on a light line may be thrown over 
the chain between the buoy and the relieving barrel for the same 
purpose. After the buoy is brought alongside, a light line is tied 
around the top of the mast to guide it while it is being brought 
aboard. 
A special hook is required on the hoisting line to engage the 

rope sling on the buoy structure. This type of hook is illustrated 
in figure 53. An ordinary cargo hook is-adapted for this purpose 
by welding a tube to the back of the shank at the angle illus- 
trated. The inner diameter of the tube is such that a pin in the 
end of a long, light-weight pole fits into it loosely. To hook a 
buoy, the hook on the hoisting line is fitted to the end of the pole 
by use of the pin and tube and held in place by a strain on the 

Figure 53.—Special hook — hoisting line. After the hook is engaged in the rope sling the 
for use in weighing . o 
easel pole is removed and the buoy hoisted. 

2853. Record of Buoys Anchored 

Buoy station names are assigned from a prepared alphabetical list when they are 
anchored (see 215 and 286). The name assigned to each is recorded on Form 714, 
Abstract of Buoys Planted, which contains columns for entering all pertinent data. 
Opposite the station name should be recorded the date when the buoy is anchored; 
the depth of water, reduced for tide, in which it is anchored; and its dead-reckoning 
position. ; 

Under the heading ‘‘Cable” should be recorded: first, the length of chain between 
the buoy and relieving barrel; second, the length of chain in the main anchor cable; 
and last, the length of wire rope in the main anchor cable. The scope of the anchor 
cable may be computed and entered in meters in the column headed “Horizontal 
Scope” (see 943). Under the heading “Description” a brief description of the buoy 
structure should be recorded. In the first column headed ‘‘Banner,” the color, size, 
and material of the crossed banners are recorded. In the next column headed ‘‘Flag,”’ 
the color of the flags and, if more than one, the order of the colors from top to bottom 
are recorded. Symbols and abbreviations must be used in these two narrow columns. 
In the last column headed ‘‘Anchor” the total weight of anchor used should be entered. 

Under ‘“‘Remarks’’ space is provided for any other pertinent information, such as the 
character of the buoy, if it is other than an ordinary survey buoy. 

The form should be used continuously during the season as buoys are anchored. 
It is not necessary to use a separate sheet for each date on which buoys are anchored. 
The separate sheets of the form are bound in a loose-leaf “Buoy Data Book”’ (see 94), 

which is kept on the ship’s bridge whenever field work is in progress. 

286. REcorD OF Buoy PosITIONsS 

When many buoys are anchored and weighed at irregular intervals by different 
officers, it is difficult to keep track of the buoys in position at any time unless a written 
record is retained. A complete record of the names of the buoys and the dates on which 
they. were anchored and removed is valuable to ensure that some buoy will not be 
forgotten and left at its position. The record is also used as a basis for reporting 
to the Washington Office the establishment and removal of buoys for publication in 
the weekly ‘Notice to Mariners.” (See 8524.) 
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Buoys are named from a prepared alphabetical list, the names being ruled out 
as they are assigned, in order that there will be no duplication during the season. 

A form is ruled on heavy paper to provide a space for names assigned with three 

columns opposite. The first column is for the date anchored, the second the date 
weighed, and the third for any remarks, such as the type, use, or purpose of the buoy. 
This record should be kept in the front of the ‘‘Buoy Data Book” (see 94) and shows 
at a glance the buoys at their stations at any time. 

The officer, whose duty it is to report to the Washington Office the establishment 
and removal of buoys, should keep a further record by plotting the positions of the 
stations on a chart of the area. Different symbols are used to differentiate between 
types of buoys; the symbol for an ordinary buoy is a single circle and that for a sono- 
radio buoy is two concentric circles (see 743). The respective station names should 
be noted alongside the symbols. When their establishment is reported, the positions 
are plotted on the chart, and when their removal is reported the circles are filled com- 
pletely with ink. The plotted record has an additional value, for by it the distribution 
of existing control stations may be studied when extensions to the scheme are planned. 
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CHAPTER 3. HYDROGRAPHY 

31. GENERAL STATEMENT 

Nautical charts which mariners use for the safe and expeditious navigation of their 

ships along coasts and into harbors are based chiefly on hydrographic surveys. The 
surveys must not only discover and locate all dangers within the area but must deter- 
mine the depths of the water and where these depths are measured. For an accurate 
and adequate nautical chart it is necessary to collect and compile much more material 
than appears on the finished chart. 

A complete hydrographic survey of an area may be described briefly as consisting of: 

(a) A systematic coverage of the area with depth measurements sufficient to ensure that all 

dangers to navigation have been found. 

(b) A development of all underwater features of special significance to navigators, such as chan- 

nels, reefs, banks, shoals, and characteristic submarine features; and the determination of the least 

depths on all dangers to navigation. 

(c) The location of the soundings, dangers, and submarine features so that they can be charted 

correctly with reference to the adjacent land features, or by latitude and longitude. 

(d) Contemporary tide observations from which the soundings may be reduced to a reference 

plane, and often for the determination of this plane. 

(e) Supplemental operations to locate and obtain the descriptions of numerous features, such 

as rocks, reefs, wrecks, aids to navigation, and landmarks, that must be charted and described in 

the Coast Pilots published by the Bureau (see 91). 

Sounding is perhaps the most important, as well as the most arduous, part of the 
hydrographer’s duties. An accurate knowledge of the depths is essential to safe navi- 

gation, particularly in harbors and their approaches where the drafts of vessels are often 
nearly as great as the depths in which they navigate. 

A topographer can examine visually the terra and features which he is mapping; 
but the submarine relief is hidden from the hydrographer and its form and features can 

be deduced only from depth measurements systematically spaced over the area being 
surveyed. It is obviously impracticable to measure the depth at every point, and a 
hydrographic survey is considered adequate when enough depths are measured so 
that the slope of the bottom between them can be assumed to be uniform. Of course, 
there is no justification for such an assumption; however, no better method has yet 
been devised than to cover an area with a system of evenly spaced sounding lines. 

Echo sounding, particularly when recorded graphically, does provide a continuous 

record of the slope along each line. 
The possibility of undiscovered irregularities, and even dangers to navigation, 

existing between sounding lines is ever present and the gravest responsibility of the 
hydrographer is to make sure that none remains undetected and that, when found, their 

least depths are determined. 

311. DeEptH MEASUREMENTS 

3111. Accuracy of Depth Measurements 

The depths of the water shall be measured with the greatest accuracy consistent 

with efficient progress. No depth-measuring instrument or method shall be used to 
sound over relatively even bottom or in critical depths which does not measure depths 
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less than 11 fathoms accurately within one-half foot and greater depths within 1 per- 
cent, unless specifically authorized by the Director. 

In rapidly changing depths and over irregular bottom the requirements may be 
lowered to 1 foot for depths less than 11 fathoms, and 2 percent in greater depths. Itis 
recognized that a depth measured in a submarine valley or on a steep submarine slope 

by a nondirective echo-sounding instrument may be less than the depth vertically 
under the survey vessel. (See 563.) If it is important to'know the vertical depths in 

such areas, the project instructions will specify that wire soundings supplement the 
echo soundings. 

3112. Depth Units 

All depths shall be measured, and the results recorded, either in fathoms and 

tenths or in feet and tenths. The double unit, fathoms and feet, shall no longer be used. 
Only one depth unit shall be shown on each hydrographic survey sheet—the depth 

unit to be used depending on the general and specific locality, the depths, and which 

unit is used on existing charts (see 771 to 7712). This does not require that the depths 
for each hydrographic sheet be measured and recorded in only one unit, but when this is 
practicable the reduction of the records will be facilitated (see 8143). 

The following rules shall be followed in measuring and recording depths insofar 
as practicable: 

(a) All depths of 11 fathoms or less—IN FEET (AND DECIMALS). 

(b) Echo soundings with the Dorsey Fathometer for a hydrographic survey to be plotted in 

feet—IN FEET (AND DECIMALS). 

(c) Echo soundings with the 808 Fathometer or the Hughes /S12D for a hydrographic survey 
to be plotted in feet—IN FEET (AND DECIMALS), except for (d). 

(d) When shoal-water graphic-recording echo-sounding instruments, which can be operated to 

record in either feet or fathoms, are used in areas of irregular bottom, the first phase in feet shall be 

used to its limit (about 50 feet) but fathoms shall be used for greater depths. 

The purpose of this rule is to avoid the numerous changes in phase that would be required if all 

depths were recorded in feet, to the extent that confusion might result and the record be unnecessarily 

difficult to interpret. 
(e) All depths measured by other echo-sounding instruments, described in this Manual as used by 

the Coast and Geodetic Survey—IN FATHOMS (AND DECIMALS). 

(f) Handlead soundings interspersed with echo soundings—in the same unit as the echo soundings. 

Whenever a change of depth unit occurs during the day’s work, the change must 

be emphatically indicated by writing the new unit in the “Soundings” column when the 
change occurs, and appropriate notation must be made in subsequent column headings 

(see 8143). 

3113. Approved Range for Methods and Instrument 

The most accurate method and instrument available, whose uses are practicable, 
shall be used in all depths less than 11 fathoms; but care must be taken not to extend the 
use of a method or instrument particularly adapted to shoal inshore areas beyond its 
practicable limit, where other methods or instruments are more suitable. 

3114. Approved Methods of Depth Measurement 

No method of sounding or type of sounding apparatus, not approved by the 

Washington Office, shall be used in hydrographic surveying, except for experimental 

purposes. 
The three general methods, now approved, for measuring depths are; (a), indirect 

measurement by sound (echo sounding) treated exhaustively in chapter 5, (6) 
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direct measurement by leadline or sounding pole (see 3421, 461, and 462), and (c} 

direct measurement by sounding machine and wire (see 3422 and 463). The approved 
types of equipment for use with each method are described under the appropriate head- 
ings. Echo-sounding instruments and sounding machines are purchased by the Wash- 
ington Office and only approved types are furnished. 

3115. Obsolete Methods of Depth Measurement 

The following methods and equipment are considered obsolete and shall no teeer 
be used in hydrographic surveys: 

a. Pressure tubes Echo sounding in recent years has rendered obsolete the use of pressure tubes 

for depth measurement, and their use is not approved. Various types of pressure, or sounding, 

tubes have been in use for many years in navigation and hydrographic surveying. The principle of 

the method depends on the fact that when a tube of small diameter, closed at one end, is lowered to the 

bottom, the water pressure forces water into the tube, compressing the air against the closed end—the 

amount of compression depending on the water pressure, which is a function of depth. 

The type of tube formerly used in the Coast and Geodetic Survey was designed in the Bureau. 

The tube was made of brass and designed so as to retain the water which entered it on descent. The 

amount of water was measured by inserting a brass rod just far enough to bring the water level to the 

top of the tube. The depth was then found by comparing this length of brass rod with a suitably 

graduated scale. 

Chemical tubes are best known in navigation. The inside of a glass tube is coated with a chemical 

that changes color when it comes in contact with sea water. Of course the water runs out of the tube 

as it is raised to the surface, but a difference in color marks the extreme point to which the water rose 

in the tube, so that the depth can be measured by reference to an appropriate scale. Tubes, frosted 

on the inside, are also used, the frosted interior appearing more opaque where dry than where wet. 

b. Trolley soundings.—Kcho sounding has also replaced trolley soundings entirely and the use of 

this method is not approved. This was a method of measuring depths vertically by leadline or wire, 

while underway, beyond the limit possible by hand leadline. The leadsman was stationed aft but the 

lead was dropped from a point far enough forward along the ship’s side so that when it reached bottom 

it was vertically below the leadsman. The lead was carried forward to this point on a carriage rigged 

on a wire. The line was rove through a system of sheaves to the sounding machine for heaving 

in. 

c. Sonic Depth Finder.—Several types of echo-sounding instruments have been used by the 

Coast and Geodetic Survey which are now considered obsolete for hydrographic surveying. Among 

these are the Sonic Depth Finder, described briefly in 5131, and the hammer- or striker-type 

fathometers (see 5161D), among which are the 412 Fathometer (see 5133) and the 432 and the 515 

Fathometers. 

312, Projgect Limits 

The limits of the project will ordinarily be stated in the project instructions. 
When no reference is made to the offshore limits the hydrography is to be extended 

as far as the methods of control in use warrant, taking into consideration the desir- 
ability of surveying offshore submarine features of value to navigators using echo- 
sounding instruments (see 122). 

3121. Inshore Limits in Protected Waters 

In protected waters the hydrographic survey shall extend as close to the high- 
water line as practicable. The low-water line should be fully developed by the hydro- 
graphic survey in all areas where the range of tide permits. The survey should be 

planned so that sounding lines can be run close to the shore during periods of high tides 
and calm weather. This will result in a definite determination of the low-water line 
and in much of the area between the low- and high-water lines being surveyed. 
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3122. Inshore Limits on Open Coasts 

On open exposed coasts the hydrographic survey should extend as close to the 
shore as possible without jeopardy to life or property. It is always desirable to have 
the low-water line accurately delineated by the hydrographic survey, but on many 

open coasts this is manifestly impossible—for example, in regions where the range of 
tide is extremely small, as along the coast of the Gulf of Mexico. 

Along regular sandy beaches the lines should be run parallel to the shore and 
advantage should be taken of periods of high tides and calm weather to run the lines 
nearest to shore. Under such conditions where the range of tide permits, it should be 

practicable to delineate the low-water line. In areas of extremely small range of tide 
there may be a wide band of very shoal water offshore from the low-water line which 
is difficult and uneconomic to develop. In such areas the inshore lines shall be run 
as close as practicable to the shoal area, supplemented by a few widely spaced sound- 
ings on the shoal area obtained by wading or from a pulling boat. 

On rocky coasts, especially where steep-to, it isfrequently impracticable to delineate 

the low-water line even in part and when it is dangerous to attempt this, the fact should 
be stated in the Sounding Record. Where it is dangerous for the sounding launch to 

enter a rocky area along the shore, or where kelp is so thick that the sounding boat 

cannot navigate through it, the fact should be stated in the Sounding Record and the 
area accurately outlined on the boat sheet. If the kelp area is of importance to navi- 

gation a flat-bottomed skiff should be used in calm weather to investigate the area and 

determine the least depth. 

Where the low-water line cannot be delineated by the hydrographic survey, the 
areas should be fully described in the Descriptive Reports with an explanation of the 
conditions preventing the extension of the survey closer inshore. Copious notes should 
be made in the Sounding Records in such cases to show clearly that the inshore line is 
being run as close to the shore as safety permits, and estimated distances to the breakers 
or to the shore should be frequently noted in the Record. From these data the line of 

breakers, kelp, reefs, or other impedimenta should be sketched on the boat sheet in ink 

3123. Navigable Streams and Estuaries 

Within the project limits all streams shall be surveyed to the head of navigation 
for small boats, and all tidal sloughs and estuaries to the same limit or until the low- 
water line has been accurately delineated, unless the project instructions specify 

otherwise. 
313. PrRoyECT AND SURVEY JUNCTIONS 

The project instructions will state specifically with what prior surveys junctions 
are to be made. Photographic copies of these surveys will ordinarily be furnished with 

the instructions (see 131). 

3131. Surveys of Other Organizations 

Where large-scale hydrographic surveys of other organizations exist in a project 

area, such surveys shall not be duplicated if they are comparable in accuracy to the 
surveys of this Bureau and can be utilized for charting. The United States Corps of 
Engineers makes periodic surveys and examinations of dredged channels, and occasional 

surveys of navigable streams and other inside waters. Such areas shall not be surveyed 
by this Bureau when a suitable agreement in depths is found at the junctions with the 
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most recent periodic survey. In anonchangeable area, a contemporary survey by such 
an organization shall not be duplicated, if a suitable agreement in depths is reached at 
the junctions, irrespective of whether the survey is periodically repeated. 

~ 3132. Survey Overlap at Junctions 

An overlap of at least one sounding line shall be made with an adjacent survey 
except as provided in 3133, and if the depths at the junction are not in agreement, 
the new survey shall be extended into the old until a satisfactory agreement has been 
reached. If a reasonable extension into the other survey discloses no tendency toward 
an agreement, an investigation shall be made to determine the reason therefor and 
a report of the mvestigation and the conclusions reached made to the Washington 
Office with a request for further instructions. All details of such investigations should 
be included in the Descriptive Report. 

The overlap specified herein shall apply to the following classes of surveys: 

(a) All nonecontemporary surveys. 

(b) Contemporary surveys by a different survey party. 

(c) Contemporary surveys of the same party made in different years; by different methods; or 
from different vessels, as the survey vessel and one of her launches. 

(d) Surveys by other organizations. 

3133. Junctions With Contemporary Surveys 

Where the hydrographic survey is continuous in the same year, by the same 

method and from the same survey vessel, junctions between adjacent sheets may be 
made by spacing the hydrography just as it would have been spaced had the two been 

combined on one sheet. Any discrepancies in the depths or the depth curves at the 

junctions shall be investigated and corrected before leaving the field, as is required for 
discrepancies between any two adjacent lines of a survey. 

314. Systems oF SOUNDING LINEs 

For a hydrographic survey of an area a methodical and systematic examination is 

the principal requirement of any system of sounding lines adopted. A system must 
be chosen that will develop the area and delineate the submarine relief in the most 
thorough and economic manner, and a series of evenly spaced sounding lines is the best 
method yet devised to accomplish this. The purpose of the regular systems of lines is: 

first, to furnish a realistic representation of the sea bottom and the submarine relief; 
and second, to reveal indications of shoals or dangers which are subsequently investigated 
for least depths. 

The project instructions ordinarily specify in a general way the direction of the 

principal system of lines, but in parts of a project the preferred direction often depends 
on local conditions where the Chief of Party or the hydrographer is expected to use 

his judgment. 
In general, a system of evenly spaced lines approximately parallel to one another 

and normal to the depth curves will provide the most convenient and economic develop- 

ment of an open coastal area, but it is frequently more advantageous to adopt some 
other system because of the location of the control, or the distribution of convenient: 
anchorages or shore bases. The system adopted for the open coast is not necessarily 
also suitable for bays and harbors. For the development of steep features, however, 
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FIGURE 54.—Systems of sounding lines. The solid lines represent depth curves, and the broken lines represent appropriate systems 

of sounding lines for the various conditions encountered. 
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such as ridges or submarine valleys, the system of lines adopted should cross the depth 
curves at an angle of about 45°. 

The selection of the most appropriate system of lines for any given area requires an 
understanding of the principles involved, which are discussed in 3141 to 3143 inclusive. 
Three systems of sounding lines are in general use: (a) Parallel straight lines, (6) 
radiating lines, and (ce) circular arcs. 

3141. Systems of Parallel Lines 

A system of evenly spaced parallel lines approximately normal to the depth curves 
is most frequently used, especially near the open coast. Since the inshore depth curves 
generally tend to parallel the coast, such a system of lines will also be normal to the 
coastline. The principal advantages of such a system are that the best delineation of 
the depth curves is obtained with a minimum of sounding; the three-point fixes are 
more easily obtained since fewer changes in objects are required; positions close inshore, 
which cannot be fixed by sextant angles, can be reasonably well determined by course 
and distance from the more strongly fixed positions farther offshore; such lines can be 

extended into small bights and indentations in the shoreline and be reasonably well 
controlled with a minimum of control stations; and ranges and leading marks on shore 
can be utilized to advantage in running the proposed lines. 

The principal disadvantages of such a system are encountered in the area immedi- 
ately adjacent to the shore. It is difficult to extend such lines close enough to the 
shore, and dangerous when heading inshore. Variations in speed when coming to a 
stop or when starting a line frequently result in the displacement of some of the sound- 
ings and, in turn, the depth curves. Such a system cannot be spaced adequately in 
proportion to the depths, except by running numerous short splits, since it is obvious 
that two parallel sounding lines run normal to the depth curves will be spaced correctly 

for the depth at one place but will be too close together or too far apart elsewhere. 
Also the prevailing winds and currents in many regions tend to parallel the coast and 
would be normal to the vessel’s course, thus adding to the difficulty of running the pro- 
posed lines. 

To avoid many of the above difficulties a system of lines parallel to the shore can 
be adopted for the survey of the adjacent waters, especially where the coastline has a 
regular trend and an even, gradually sloping bottom. Such lines can be run closer to 
shore since the sounding boat is running parallel to the danger line, instead of toward 
or away from it. Longer lines can also be run, thus avoiding the numerous ends of 

lines necessary in a system normal to the shoreline, and economy in operation can often 
be attained by starting and ending the lines nearer to the anchorage or shore base. 
Intervals between positions can be varied to take advantage of the locations of the 
control stations to obtain strong three-point fixes. The lines closest to shore can be 
run during abnormally high tides and a calm sea. 

A system of lines parallel to the coast is impracticable where the coastline has 
many indentations or the shoreline is very irregular. Unless the control stations are 
some distance inshore from the high-water line, the three-point fixes on the most in- 
shore lines are likely to be weak since one angle is generally extremely large and the 
other very small and they change very rapidly. If the control stations cannot be 
located some distance inshore the number required to control the inshore lines is 

excessive. 



3141 HYDROGRAPHIC MANUAL PAGE 198 

A system of parallel lines, whose direction is at 45° to the depth curves, is of 
advantage in certain areas. For the same spacing between lines, such a system provides 

a better development of long, narrow, steep-sided ledges or troughs. It is to be noted 
in this connection that the axes of off-lying shoals of this nature are frequently approxi- 
mately parallel to the trend of the coast. Likewise, off-lying sand and mud banks of 
ridge form usually have their longer axes parallel to the coastline or parallel to the 

prevailing coastal currents. 
In most modern hydrography, the depths are measured by echo sounding from a 

survey vessel traveling at standard speed so that accurate compass courses can be 
steered. Under such conditions systems of parallel lies are usually most convenient, 

for approximately the same course will serve to follow alternate lines of the system, 
For inshore hydrography, especially if by handlead, the sounding vessel is limited to 
a slower speed, making the use of shore objects to control the position of the vessel on 
line frequently advantageous or necessary. There are two general ways by which this. 

is done—(1) by the use of ranges and (2) by the use of distance angles (see 3143). 

‘Ranges can be used to keep the sounding vessel on each of a system of parallel 
lines, but to do this both the front and the rear range marks have to be changed for each 
line. Coxswains with considerable experience in this type of work can be trained to- 

select objects for this purpose. The selection is facilitated by using a sextant to pick 
up a front range mark toward which the sounding line leads. Immediately after the 
sounding vessel has been placed on the outer end of the sounding line, and the position 

fixed, the angle between the direction of the proposed line and a prominent control 
station is scaled from the boat sheet, and with this angle set on the sextant, a front. 
range mark can be sought at the correct point on shore, the corresponding rear range 

mark being farther inshore. (See 3453.) 
For a close systematic development of comparatively large offshore shoal areas a 

rear range mark can often be selected far enough inshore so that for all practical pur- 
poses the sounding lines across the shoal are parallel to one another. 

A. ON OPEN COASTS 

For surveys along open coasts with gently sloping bottom, the principal system of 
sounding lines should be either normal to or parallel to the general trend of the coast, 
or a combination of the two directions may be used. The directions of the lines should 
be chosen to give a complete and economic survey. Where the shore is a fairly straight 
beach, the launch survey should generally consist of at least a few lines run close in and 
parallel to the shore. At least enough parallel lines should be run to provide a sounded 

zone for the launch to turn in when running the lines normal to the shore. The area 
farther offshore where the slope of the bottom is gentle, may be surveyed by a system 

of lines run in the most convenient and economic direction. 
Where the slope of the bottom is irregular or steep, and in areas where pinnacle 

rocks and steeply rising shoals or ridges may be expected, a system of lines normal to 
the depth curves should be run. Where the submarine relief is in the form of a series 

of narrow steep-sided ridges, or is indented by steep narrow troughs, the direction of 
the system of lines must be such that the lines will cross these features at an angle. If 

the axes of the features are parallel to the surrounding depth curves, a system of lines 
normal to the depth curves will provide an adequate survey. But if the axes of the 
features are perpendicular to the surrounding depth curves, as is the case with many 
of the submarine valleys and canyons along the continental slope, a system of lines 
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whose direction is approximately 45° to both the depth curves and the axes should be 

selected. 
On the continental slope itself, where the gradient is comparatively steep, a 

system of lines perpendicular to the depth curves gives the best and most economic 

development. 
An extensive shoal area with no pronounced axis may be adequately surveyed 

by a system of parallel lines run in any convenient direction. If it has a definite axis, 
the best development will be obtained by a system of lines run at an angle of 45° to 
the axis, supplemented by several closely spaced lines along the axis. A shoal of 
circular shape whose least depth may be expected near the center is best developed by a 
system of radiating lines converging near the shoalest spot (see 3142). 

B. IN PROTECTED WATERS 

In protected waters of large area, the same general considerations apply; in general 
a system of lines approximately normal to the depth curves will provide the most 
adequate development. A few lines close inshore should always be run parallel to the 
shoreline except where it is so indented that this is impracticable. The lines should 
be run during periods of high tide and in calm weather. 

In small bays, harbors, and similar indentations of the coast, the directions of the 

lines will depend almost entirely on the configuration of the feature. They should be 
laid out so as to give a complete and economic development. 

Extensive flats which bare at low water generally do not require closely spaced 
lines. A few widely spaced lines should be run over such areas to define the limits of any 
navigable channels therein which need to be more thoroughly sounded, and the low- 

water line should be located by a zigzag line of soundings run at high tide. The outer 
edge of the flat should be located by a system of parallel lines which will determine the 
line of demarcation between shoal and deep water. 

Tests have proved conclusively that vertical handlead soundings cannot be obtained 
in strong currents, except when proceeding in the direction of the current. When 

channels or streams are sounded with the handlead, the entire development must consist 

of a series of lines parallel to the axis, the lines being run at slow speed in the direction 
of the current (see 3464). 

Echo soundings are not affected by the current, and when they are used, a channel or 
river should be sounded first by a system of lines running across the axis of the channel, 
either normal to or diagonal to it. Diagonal lines should be used in narrow chan- 
nels and where the slope is abrupt at the edge of the channel. The lines should be run 
at such an angle that the change in depth will be gradual enough to permit taking a 

sufficient number of soundings to locate the edges of the channel and the desired depth 
curves. All variations in sounding speed must be noted in the Sounding Record with a 
sufficient number of positions taken so that there will be no doubt as to the correct 
positions of the depth curves. The system of crosslines will serve to locate the channel 
which must then be thoroughly developed by a system of lines parallel with its axis. 

3142. Systems of Radiating Lines 

Off points where there is a marked change in the trend of the shoreline, in small 
bays, and around off-lying islets, radiating lines generally provide the most adequate 
development. It is to be noted that such lines can frequently be run around points 
by using a rear range mark selected so that the convergence of the lines near the shore 

provides the most suitable spacing proportional to the changing depths. 
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The development of an isolated shoal is frequently best accomplished by running 
a series of lines radiating from a buoy anchored near the center of the shoal. Where 
the coast forms a background to the buoy used as a front range mark, part of the 
radiating lines can be run on ranges, the remaining being run by compass course. (See 

also 3453.) 
3143. Systems of Circular Arcs 

The development of an isolated shoal area can be very effectively controlled by 
the use of distance angles. Two control stations should be selected, so located that 

the loci of the angles between them cross the shoal area in flat arcs. Preparatory to 
the survey a series of such loci can be drawn on the boat sheet spaced as desired (see 
37). At one end of each arc the value of the angle between the two stations is noted. 

With this angle set on a sextant the sounding vessel may be readily maneuvered onto 
the line and maintained there by periodic observation of the angle, the course being 
changed slightly to maintain the angle on. Distance angles are particularly advan- 

tageous when the sounding vessel must proceed at slow speed and either the wind or 
current is strong and variable. Only by the use of this method, or ranges, can a 
system of closely spaced lines be run without having the sounding vessel get too far 
off line. Where the principal system of lines has been controlled by distance angles, 
any required split line can be accurately run by using the mean of the two distance 

angles used for the lines on each side of the split. 

315. Spactnc SounDING LINES 

The proper spacing of sounding lines depends on the scale of the survey, the 
depth of the water, the proximity to shore, the character of the submarine relief, and 
the importance of the region. The general spacing should give a methodical repre- 
sentation of the depths and generalized depth curves in the area, and be sufficiently 
close to give indications, at Jeast, of all banks and dangers therein. Subsequent 
splitting of the general system of lines and additional development must be adequate 
to locate all dangers and shoals, to determine the least depths on them, and to enable 
the hydrogr apher to draw all depth curves with assurance. 

The maximum spacing of lines for the various zones or depths of ihe project is 
ordinarily prescribed in the project instructions. It is to be noted that this is the 
maximum spacing, and it is the responsibility of the Chief of Party to reduce this 
spacing as necessary to obtain an adequate development in any specific part of the 
project area. If the Chief of Party is of the opinion that the general spacing specified 

in the project instructions should be changed for the entire area or for large parts of it, 
he shall make suitable recommendation to the Washington Office and ask for additional 
instructions. 

It is obvious that, although sounding lines can be run with refined methods at as 
close intervals as desired, there is a practicable limit to the number which can be plotted 

at any given scale. In general, four or five sounding lines to an inch on the sheet can be 

plotted and the soundings inked without difficulty, and in small areas at least twice 
as many to an inch can be shown legibly if sufficient care and patience are exercised 
in the inking. The scales of the surveys should be selected with this in mind so that 
the closest spacing of lines expected to be required in an area can be conveniently 

shown at the scale chosen. Table 6 gives the distances between lines (in meters) 
which should ordinarily be allowed for various scales, and the minimum distances 
between lines which can sometimes be tolerated for the same scales. 
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TABLE 6.—Spacing of sownding lines 

Closest spacing 
Ordinary spacin : 

Seale (4 to 5 ines ‘Ene inch) (8 Sa ae to 

Meters Meters 

LLB UG VOC eer SS lee a ea BOStONOO Eo Ee ee ee eters ee ee eT 25 to 30. 

11 SLO OCOD SS Sa Na Vo eo er TOON M2 De Lao ee pee eras OR eye eee 50 to 60. 

Re OUM eam seaaeots lk he = Lae 2 S200 tO oO Sse cnc | 2p aegis ee 100 to 125. 

DSO) emir 2 ye ES Se co a 4006050052 222 Sato ee eee 200 to 250. 

JI S10). OO) 0) aa ce OOO GON Oise tee hs yep ape mn dee 300 to 375. 

3151. Maximum Spacing for Various Coastal Areas 

Because of the widely different conditions encountered in different areas, it is 
manifestly impossible to prescribe precise rules for the spacing of lines which will apply 
in all cases, but a general understanding of the requirements may be gained from 
examining figure 55 and from the discussions herein. It must be emphasized that the 
graphs are not’ intended as requirements but represent the maximum spacing to be 
tolerated in any given area at any given depth. It will frequently be necessary to 
decrease this maximum spacing considerably even within the regions specifically 
mentioned as typical for each graph. 
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FIGURE 55.—Maximum sounding-line spacing. (See text.) 

AA Flat sand or mud bottom without rocks, banks, or shoals. 

BB Sand bottom with banks, but without rocks. 

CC Areas with occasional rocky formations. 

DD Areas with frequent steep rocky shoals and dangers. 

EE Searches for shoals or dangers in oceanic areas. 
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Graph AA in figure 55 is applicable to coastal areas of monotonously flat sand or mud bottom, 

where rocks are unknown and sand banks and shoals are not to be expected, such as the Gulf Coast 

of the United States. 

Graph BB should be used for coastal areas where the bottom is predominantly sand, and rocky 

formations are unknown but banks may be found, such as the East Coast of the United States south 
of New York. 

Graph CC is applicable to areas where dangers and rocky formations are likely to exist, such as 
off the West Coast of the United States and Alaska. 

Graph DD should be used in areas where there are frequent dangers to navigation and steep rocky 

formations rising from the bottom, or where these may be expected from a study of the adjacent terrain, 

such as in the waters off the coast of Maine, and in some of the inland waters of Alaska. 8 

It will be noted that all of the above-mentioned graphs coincide at a spacing of 5 miles, which is 

the maximum to be tolerated for the deeper depths of any survey which is part of a project along 

a coast. 

In a search for an oceanic danger or a steep submarine mountain rising from oceanic depths, 

the lines must be at closer intervals in the shoaler depths, but may be at intervals of as much as 10 

miles in depths of 3,000 fathoms. For any depth, the maximum required spacing is given by 

graph EE. 

Since the most economic survey of a coastal area is usually by a system of parallel 
lines normal to the depth curves, it is obvious that a spacing which is adequate at the 

inshore ends of the lines will be closer than required by the same formula for the offshore 
ends of the lines. To attain economy in surveying where such a system of lines is used, 
the interval between lines must be changed correspondingly with the changes in depth. 

The most satisfactory method of doing this economically is to fix the intervals between 
lines at multiples of one another. 

If an area is to be surveyed on one sheet from one sounding vessel, in most cases 
it will be more economic to run the most widely spaced lines first, successively splitting 

the lines until the required spacing is attained. For example, suppose the project 
instructions specify the following spacing—200 meters at 5 fathoms, 400 meters at 12 

fathoms, and 800 meters at 30 fathoms. (It is to be noted that these are the maximum 

allowable spacings at the respective depths, and that a proportional spacing is required 

at other depths—for example, at 21 fathoms the spacing should be not more than 600 

meters.) To meet the requirements most economically with a system of parallel lines 
normal to the depth curves, lines 800 meters apart should be run first, from the shore 

to the offshore limits of the project. These should then be split from the shore to 
depths of 30 fathoms (necessary because the allowable spacing of 800 fathoms only 
begins in depths of 30 fathoms), and then split again from the shore to depths of 12 

fathoms, using as a guide the depths obtained on lines already run. By this method, 
the positions of the depth curves will be known approximately from the 800-meter 

system and the hydrographer will know just how far offshore to run the splits. If the 

reverse procedure is followed, the inshore lines will almost invariably be run too far 

offshore in order to ensure that the required depth curve has been reached and that 
there is no shoaling outside of this which requires the closer spacing. Furthermore, 

the hydrographer runs the risk of having to run additional splits if an area of shoaler 

water is subsequently disclosed offshore from the outer ends of the closely spaced 
inshore lines. 

3152. Sounding-Line Spacing for Inside Waters 

The general spacing for inside waters is 100 meters in bays, passages, channels, 
rivers, etc. This spacing may be increased to 200 meters in areas of considerable 
extent where uniform bottom without dangers is anticipated. 
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In important harbors, anchorages, channels, and areas of irregular submarine 
relief, lines should generally be spaced 50 meters apart, and even closer spacing may 
be required for complete development in certain areas. 

3153. Lines Parallel to the Shore 

In general, hydrographic surveys should be extended inshore across the low- 
water line in areas where this is practicable and can be done without danger to the 
Personnel or equipment (see 3122 and 3532). These inshore lines should generally 

be run parallel to the shoreline. The spacing of a system of lines paralleling the shore 
shall increase gradually from a minimum next to the shore to a maximum between 
the two outermost lines. The two inshore lines shall be not more than 50 meters 

apart and the spacing between the two outermost lines should be that required for the 

depths found. Depending on the depths and the number of lines to be run parallel 
to the shore, a spacing increased 50 to 100 percent for each line should give an adequate 
development. For example,a 50-percent increase would give successive lines spaced 
50, 75, 110, 165, 250, and 375 meters apart. 

3154. Shoal Indications 

The spacing adopted for the regular system of sounding lines should be such 
that the depths obtained will almost always give an indication, at least, of every 
existing danger or shoal. It should not be assumed that the least depths will be 
obtained on the regular system of lines. Every sounding of a depth slightly less than 

the surrounding average depth should be regarded as a definite indication of a possible 
shoal; this evidence is greatly increased where shoaler soundings occur on adjacent 

lines in the same locality. These indications must be adequately developed by more 
intensive measures. (See 355 and 36.) 

32. THE BOAT SHEET 

321. DEFINITION AND PURPOSE 

The boat sheet is the work sheet used by the hydrographer in the field for plotting 

the details of a hydrographic survey as it progresses. Its use enables the hydrographer 
to cover an area with lines of soundings in a systematic and economic manner, to 

judge the adequacy of the survey, and to ascertain where additional development or 
investigation is required. The boat sheet is similar to the smooth sheet (see chapter 7) 

but necessarily less accurate because of the haste with which the hydrographer must 

plot each position during survey operations, because of the lack of adequate tidal data 
for reducing the soundings, and because of the exposure to the weather to which the 

sheet is subjected. . 
On the boat sheet the hydrographer plots the successive positions of the sounding 

vessel as they are observed and is thus able to determine whether the area is being 
systematically and adequately covered. The soundings corrected to approximate 
sounding datum by the use of predicted tides are also inked on the boat sheet daily 
during the progress of the field work. They disclose to the hydrographer uneven 

bottom which may require additional development to determine the least depths on rocks 
or shoals, and they indicate areas where additional sounding lines must be run so that 
the depth curves can be drawn with certainty. The boat sheet serves also as a guide 

to the cartographer during the plotting and verification of the smooth sheet and aids 
in clarifying uncertainties which may arise at such times. 
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3211. Use of Boat Sheet in Smooth Plotting 

After the completion of the field survey a boat sheet has a use which should be 
kept' in mind by the hydrographer during the progress of the work. It serves as a 
guide and reference record during the plotting of the smooth sheet and its data should 

therefore be free of ambiguity. When plotting the smooth sheet, weight is given to the 
fact that the hydrographer was present at the time the survey was being made, knew 
the vessel’s position and, regardless of the recorded data in the Sounding Record, 
plotted the positions on the boat sheet and connected them in accordance with the 
known facts, even though lack of time may have prevented extreme accuracy. (See 
767.) 

3212. Use of Boat Sheet at the Washington Office 

The boat sheet is referred to constantly during verification of the smooth sheet 
at the Washington Office. If often contains supplemental details and notes which aid 
in interpreting the Sounding Records, including some which should be transferred to 
the smooth sheet. Occasionally the boat sheet is the sole source of or authority for . 
the positions of rocks, limits of breakers, areas of kelp, etc. Such information should, 
however, be used with discretion, especially if it is not inked on the boat sheet. It is 
incumbent on the verifier to see that all data of permanent value are already on or are 
transferred to the smooth sheet. 

The boat sheet shall be available to the reviewer and for any other purpose in 
connection with the survey, until after the review has received final approval by the 
administrative officers of the Bureau. 

3213. Boat-Sheet Numbers 

A field number shall be assigned to each boat sheet in accordance with 1541. The 

survey and all the records pertaining to it shall be identified by this number in all 
correspondence, records, and reports until the registry number is assigned (see 1542), 

after which the latter shall be used in lieu of the field number. 

Where the limits of a boat sheet are not identical with the corresponding smooth 
sheet, the smooth-sheet number is the controlling factor in numbering the boat sheet. 

If several boat sheets are used for a survey, which is all included on one smooth sheet, 
the several boat sheets shall bear the same survey number followed by identifying num- 
bers in parentheses, as H—5281 (1), H—5281 (2), ete. . 

If, for any reason, the field survey for which one boat sheet was used has to be 
plotted on two smooth sheets, the numbers of both smooth sheets shall be shown on the 

boat sheet and on the Sounding Records involved. 
Before a boat sheet is transmitted to the Washington Office, both its registry num- 

ber and its field number shall be shown in one or more places on its reverse side. 

322. CONSTRUCTION OF Boat SHEET 

A boat sheet is ordinarily constructed in the same manner as the smooth sheet 
(see 73 to 75) and with limits in approximate agreement with the latter. A layout of 
the projection with distances noted thereon (see 7324) may be used in constructing the 
boat sheet and saved for use again when the smooth sheet is made, if the projections are 
to be identical. 

3221. Boat-Sheet Paper 

A good quality of cloth-backed paper obtained from the Washington Office should 
be used for boat sheets. Where the sheet is to be used in bright sunshine, a buff- - 
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colored paper has been found most satisfactory to reduce the glare of the reflected 
light. A 100-percent rag paper, of comparatively smooth surface and heavy weight, 

mounted on the best grade of cotton sheeting is required. Boat-sheet paper is pur- 
chased by the Federal Government in accordance with standard specifications. The 
makes of paper complying with these specifications are subject to change from year 

to year. The General Schedule of Supplies should be consulted for the make of paper 
available at any given time. 

When accuracy of plotting is an important factor, as in Radio Acoustic Ranging 
(R.A.R.), the paper recommended for smooth sheets should be used for boat sheets 
(see 711). 

3222. Boat-Sheet Limits 

The limits of a boat sheet will ordinarily be the same as the corresponding smooth 
sheet, except that a wider margin of spare paper is usually allowed for unforeseen con- 
tingencies and because the edges are likely to become cracked and worn in use. Occa- 
sionally after the survey has been completed, it will be found that the smooth sheet can 
be laid out more economically by not adhering exactly to the limits of the boat sheet. 

The boat sheet need not necessarily contain within its limits the entire area to be 
covered by a smooth sheet. For convenience, the area may be divided and included on 
two or more different boat sheets, each of which shall bear the same survey number as 
the smooth sheet. Even if the entire area is included on one boat sheet, copies of it 
may be utilized if two or more hydrographic units are to survey simultaneously in the 
area, and all copies should bear the same survey number as the smooth sheet. (See 
3213.) 

A boat sheet shall not be laid out purposely to include an area, the survey of which 
will subsequently be plotted on two smooth sheets. 

3223. Accuracy of Construction 

The accuracy to be used in the construction of a boat sheet depends somewhat on 

the scale and the strength of positions to be expected in the area, and on the exposure 
to which the boat sheet will be subjected during use. For boat sheets used in R.A.R. 
surveys, the best quality of paper should be used and the accuracy of construction and 
subsequent care should be comparable to those required for smooth sheets. Accuracy 
of construction and care during use are important since all the distance circles cannot 
be drawn at the time of construction, as on the smooth sheet (see 734). By contrast, 
a large-scale boat sheet for an inshore hydrographic survey, where the control stations 
are always comparatively near, may be constructed with less accuracy, especially since 
it is likely to get wet from spray in rough weather and be subjected to other hard usage 
during the progress of the survey. 

3224. Methods of Construction 

The boat sheet may be constructed by methods similar to those used in constructing 
a smooth sheet, and if this is done the same general care and accuracy shall be used in 
its construction (see 73 and 74). If there is a corresponding topographic survey on 

the same scale, it may be used for transferring by tracing paper (see 7561) the projec- 
tion, control, and all necessary detatls to the boat sheet. The projection intersections 
and control points should be pricked on the tracing with a fine needle point and trans- 
ferred to the boat sheet in a similar manner. It is well to preserve these tracings, if 
they are carefully made, for possible use in making the smooth hydrographic sheets. 
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If the limits of the hydrographic survey extend beyond those of the topographic survey, 
the transferred portion of the projection may be extended to the limits of the boat sheet. 

In the rare case when a smooth sheet is prepared first, a boat sheet may be con- 

structed by superimposing the smooth sheet on the boat sheet and pricking the projec- 
tion intersections and control points through with a fine needle, other details being 

transferred by tracing. This same method may be used with a topographic survey 
which is not on an aluminum-mounted sheet (see 233). 

The accuracy of construction obtained by the use of the projection ruling machine 
(7327) is not warranted in a boat sheet, and requests should not be made to the Wash- 
ington Office for their construction. 

When the area to be sounded has been preceded by an air photographic survey, 
boat sheets will sometimes be printed or prepared in the Washington Office by one of 
the methods described in 733. 

323. PREPARATION OF BOAT SHEET 

A hydrographic survey can be made with a boat sheet on which appear only the 
positions and names of the control stations, but for an efficient and complete survey, 
the details described in 3231 to 3237 should be placed on the boat sheet for each area 

before the survey of that part is started. 

3231. Control Stations 

All control stations, whose positions are known at the start of the survey, should 
be plotted on or transferred to the boat sheet. 

Names of control stations may be lettered on the boat sheet in freehand, provided 
they are unmistakably legible. Existing names of control stations, such as triangu- 
lation stations, marked topographic stations, and previously named topographic 
or hydrographic stations, must be retained with their exact spelling and should be 
lettered when the control is plotted. New station names are to be assigned by the 
hydrographer in accordance with 215. They may be assigned to all the unnamed 
stations and lettered on the boat sheet when the control is plotted, or during the 
progress of the survey as each station is used. 

Where the control stations are numerous, as on an inshore hydrographic sheet, 

identification will be aided and confusion avoided if descriptions of those having a 
characteristic appearance, either in form or color, are written on the boat sheet. 

For each control station in the water area, notation should be made on the boat 
sheet as to whether the feature on which it is erected is permanent or temporary, and 
a short description of the feature should be added; for example, that it is a pile, a rock, 

a shoal spot, a menace to navigation, or a signal erected temporarily by the hydro- 

graphic party. : 
Each control station that is a natural object shall likewise be briefly described. 

If conspicuous enough for use as a landmark, that fact shall be included in the 

description. 
3232. Topographic Details 

A boat sheet for an inshore hydrographic survey should contain the high-water 
line, the low-water line, the approximate limits of shoal areas, rocks (bare, awash, and 
sunken), aids to navigation, and any suspected dangers which the topographer may 
have noted but may not have been able to verify or locate. The scale of an mshore 
hydrographic survey is almost invariably the same as that of the corresponding topo- 
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graphic survey. Where this is not the case, the shoreline may be omitted if its transfer 
presents difficulties (see 751). In such case, however, the Descriptive Report shall 

include a statement that the usual verification of the shoreline and topographic details 
was omitted, and the reason therefor. 

On hydrographic surveys which do not extend close to shore, the shoreline may 

be omitted entirely, or it may be generalized on the boat sheet if its representation is 
considered desirable by the hydrographer. 

3233. Soundings at Junctions 

To ensure satisfactory junctions in coverage and depths with adjacent surveys, 

the soundings at the limits of the latter shall be transferred to the boat sheet before 
starting a hydrographic survey. ‘These soundings shall appear in colored ink, prefer- 
ably red, to distinguish them from soundings taken during the survey. Soundings 
thus transferred may be from prior surveys with which a satisfactory junction is to be 
made as specified by the project instructions, or they may be from hydrographic 
surveys currently made, either at the same or different scales. 

3234. Data From Prior Surveys 

All dangers to navigation, including the least depths on all shoals, shall be trans- 
ferred to the boat sheet from photographic copies of prior surveys in the area, if 

available. If such copies are not available, these data shall be transferred from the — 

largest-scale chart of the area. In addition to least depths and other dangers, it is 
desirable to transfer representative soundings and depth curves from the prior 
surveys. All data transferred from prior surveys shall be in a distinctive color, 
preferably red. ; 

It is required that the dangers, shoals, and least depths on them be definitely 

proved or disproved during the new survey. Comparison with the other transferred 

data provides a check as the survey progresses. The depth curves are especially helpful, 
as they enable the hydrographer to warn the leadsman or the fathometer attendant of 
expected changes in depth. 

3235. Data From Published Charts 

After the data mentioned in 3234 have been transferred to the boat sheet, it must be 

compared with a new print of the largest-scale chart of the area, and any additional 

dangers on the latter transferred to the boat sheet. The printed chart frequently 
contains later data or data derived from other sources. 

3236. Reported Shoals and Dangers 

In addition to known shoals and dangers, the positions of any reported menaces 

to navigation, which have not been charted, shall be plotted on the boat sheet, with 
suitable notes, so that their positions may be accurately determined or their existence 
disproved. Some of these reported dangers may be specifically mentioned in the 
project instructions; others may be reported locally to members of the survey party. 

3237. Other Details 

Since the boat sheet is the hydrographer’s work sheet, other details which are 
considered of possible use during the survey may be shown. Of advantage in certain 
types of surveys are a large compass rose and one of the several different types of 
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speed scales described in 4826. These may be inked on the boat sheet in spaces where 
no sounding is expected. 

324. Use or Boat SHEET DurING SURVEY 

It is frequently not practicable to handle the boat sheet as carefully as one would 
handle a smooth sheet, nor is it necessary. The boat sheet is unavoidably subjected 
to somewhat rough treatment, especially in launches and small boats, but it should not 
be treated carelessly. The more carefully it is handled, the better will it retain its 

original dimensions and accuracy, and the more useful will it be as a guide in plotting 
and verifying the smooth sheet. 

It is essential, however, that the best possible care be flee of an R.A.R. boat 
sheet for reasons mentioned in 3223. 

A boat sheet should not be rolled to a diameter smaller than 3 inches. 

3241. Proposed Sounding Lines 

To survey an area thoroughly and effectively, systematically planned lines of 
soundings must be run. The desired system is usually indicated in a general way in 
the project instructions, but if not, it should be planned in accordance with 314. The 
proposed sounding lines of the general system are ruled in pencil on the boat sheet as 
a guide to the hydrographer; only a few lines, however, should be ruled in advance 
because, as the survey progresses and additional knowledge is acquired of the depths 
in the area and of the character of the submarine relief, it may be necessary to shift the 
entire system slightly from time to time or to adopt a different spacing of lines. 

Where the use of ranges is practicable, proposed lines can usually be followed very 
‘closely. In other cases the sounding vessel,can often be kept only approximately on 

the proposed lines, especially where there are strong irregular currents or where the 
control is relatively weak. ‘Thus two adjacent sounding lines frequently deviate from 
the proposed lines to such an extent that a split line is required to comply with the 
spacing requirements. 

Additional lines which split the specified spacing, or lines of a superimposed system 

in an entirely different direction, are usually laid out on the boat sheet to guide the 
development of extensive shoal areas encountered during the survey. 

3242. Proposed Development 

Every shoal indication disclosed by the systematic sounding lines (see 3154) 
should be emphasized on the boat sheet by encircling the area with a red pencil, or other- 
wise, as a reminder that further investigation or development is required. As the 

soundings are inked during the progress of the survey, all danger indications and sound- 
ings which are suspected of being in error should likewise be noted for further develop- 
ment or investigation (see 3621). The least depths on shoals found by prior surveys 

and areas in which dangers or shoals have been reported, or are suspected, should be 
similarly marked in color for future attention. 

3243. Plotting Positions 

The principal use of the boat sheet is, of course, to enable the hydrographer to 
plot each position of the sounding vessel as the observations are made; to determine 

whether on line or not, and if not, to indicate the change in course required. As the 
consecutive lines of the system are surveyed and the soundings are plotted, the results. 
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should be examined critically to determine whether the area is being adequately covered, 
and where additional splits or development should be added; or whether the adopted 
spacing is unnecessarily close. If splits and additional development are not occasionally 
necessary the regular system of lines is almost certainly uneconomic. 

3244, Revision of Topography 

On an inshore hydrographic survey the boat sheet is used for indicating any changes 

or errors in the high-water line and in the offshore details transferred from the topo- 
graphic sheets. Such corrections shall be shown in red with appropriate notes added 
explaining the method of location used. (See 3811.) 

Sextant cuts to locate a rock, breaker, hydrographic signal, or other feature should 

be carefully plotted on the boat sheet, the penciled lines being left to indicate the posi- 
tions from which the cuts were taken. All pertinent data should, in addition, be 
recorded in the Sounding Record so that they may be plotted independently on the 
smooth sheet. 

Isolated rocks or groups of rocks not yet accurately located should be noted on 
the boat sheet in their approximate positions, with notes to indicate the probable 

accuracy of position in case it is not practicable for any reason to locate them subse- 
quently by a more accurate method. Where it is not practicable to locate the limits 

of reefs, breakers, kelp, etc., by three-point fixes, they should be sketched as accurately 

as possible and adequate descriptive notes should be added to guide the smooth-sheet 
plotter in case any such features have to be transferred from the boat sheet to the 
smooth sheet. ; 

The height of each isolated rock, or the highest of a group, shall be entered in the 
Sounding Record, together with the date and time of observation, so that the correct 

tide reducers may be subsequently entered to obtain the elevation of the rock with 
reference to the appropriate datum plane. The approximate height should be noted 
on the boat sheet. (See 7821.) 

3245. Station Names 

All control stations used in the survey must be named on the boat sheet, and the 
spelling and usage of station names recorded in the Sounding Records must agree with 
the boat sheet. (See also 215 and 3231.) 

The symbols and names of stations appearing on the boat sheet but not used during 
the survey shall be crossed out in ink to indicate that they are not needed on the smooth 
sheet. 

3246. Daily Inspection of Boat Sheet 

The boat sheet should be reviewed daily by the hydrographer. At this time he 

should plot all positions which could not be plotted during the day, and rectify the data 
in the Sounding Record to correspond. Corrections should be made to erroneously 
recorded data, omissions should be supplied while the details are fresh in mind, and 
notes should be made that are required to explain fully any data which are not self- 

evident. (See 81 and 818.) This examination will also disclose the adequacy of the 
recorded data and shortcomings can be brought to the attention of the recorder. 

By this daily examination, the hydrographer determines whether the area is 

being adequately covered and developed, whether there is agreement in depth between 
soundings on adjacent lines and at crossings of lines, whether there should be additional 
sounding on shoals and dangers, whether all previously charted shoals and dangers 

465382—44—_15 
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have been adequately proved or disproved, and where additional work appears neces- 
sary. Such a daily examination enables the hydrographer to keep all the necessary 

development and investigation up to date with the progress of the systematic sounding, 
and to avoid uneconomic returns to areas supposedly completed. 

When practicable to do so, the Chief of Party should review the work of his 
subordinates daily by.a similar critical and thorough examination of the boat sheet 
(see 3411). 

325. DETAILS ON ComMPLETED Boat SHEET 

3251. Positions and Numbers 

The positions and the numbers of the positions should be inked legibly and in the 
assigned color as the work progresses, or at least before another day’s work is begun. 
Expert lettering is not required. (See 3311 and 3312.) 

3252. Lines Connecting Positions 

The successive positions of the survey vessel along a sounding line should be 
connected by pencil in accordance with the instructions for the smooth sheet (see 7682). 
The connecting lines should reflect any appreciable changes in course between positions. 

The end and beginning of adjacent lines shall be connected by a pencil line to 
indicate the approximate course of the vessel, with an arrow at the midpoint indicating 
the direction. Sounding around turns between ends of lines is not required and should 
be omitted except where there would otherwise be no sounding. In this case the 
vessel’s track around the turn should be plotted more accurately and in accordance 
with the instructions in 7682. On turns in shoal water continued sounding may be 
needed so that the hydrographer can be kept informed as to the depth of water under 
the vessel, even if these soundings are not needed for the survey. 

Where a sounding line parallels the sinuosities of a narrow waterway where it is 
impracticable to maintain straight courses between positions, or where large changes 
in course are made between positions, the actual track of the vessel shall be shown on 
the boat sheet with great accuracy because only by reference to this record can the 
soundings be correctly plotted on the smooth sheet. 

3253. Soundings 

The soundings, reduced to the approximate sounding datum (see 152), shall be 

inked on the boat sheet in black as the work progresses; each day’s work shall be inked 
daily. : 

It is usually practicable to ink the soundings of small-scale ship surveys while 
the sounding is in progress; by contrast, it is generally impracticable to do this on large- 
scale launch surveys because of engine vibration and because the soundings and positions 

are taken so frequently there is no time for inking. 

When it is practicable to ink the soundings as they are taken, a carbon copy of that 

part of the Sounding Record which contains the soundings, the clock times, and the 

position numbers will be found of advantage (see 81). 

3254. Depth Curves 

Depth curves are required on a boat sheet for an adequate study of the results of a 
survey, and to ensure that the area has been effectively sounded and satisfactorily 
developed (see 353). The intervals between depth curves should follow the rules given 
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in 3533. Depth curves should be drawn daily and revised daily to conform with the 
more complete information available. All depth curves should be left in pencil until 
it is certain that no further revision will be required. As the various parts of the area 

are completely surveyed, the curves should be inked, using the standard colors from 
table 27 in 776 insofar as they are applicable. 

3255. Notes 

Use of copious penciled notes on the boat sheet is permitted and encouraged; for 

example, those made along the margin to remind the hydrographer of the need for 
additional development or data before leaving the field. Others are of assistance to 
the hydrographer in preparing the Descriptive Report, and to the smooth plotter in 
his interpretation of the Sounding Records and other data. Facetious and useless 

comments should, of course, not be included in such notes. (See 7912.) 

All notes that are of permanent value and that contain information that should 

be transferred to the smooth sheet shall be inked before the boat sheet is transmitted 

to the Washington Office. Those that will serve as directions or explanations to the 
smooth-sheet plotter may be left in pencil. All temporary notes and symbols for the , 
hydrographer’s temporary use only should be erased. 

Where it has been impossible to survey over a shoal area because of heavy tide 

rips or breakers, which occur even in moderate weather, the area should be outlined 
on the boat sheet with a broken line in black ink, with an appropriate note explaining 
why the area was not sounded and giving an estimate of the least depth. 

3256. Junctions With Other Surveys 

The approximate limits of adjoining surveys shall be shown on the boat sheet by 
inked lines in a distinctive color, accompanied by the registry or field numbers of the 
adjoining surveys (see 788). 

3257. Review of Completed Sheet 

After the field work of a hydrographic survey has been completed, and before the 

records leave his custody, the hydrographer should make a thorough examination and 
review of the boat sheet to ensure that all details of permanent value have been inked, 
and that they are unmistakably clear and legible. The use which is to be made of the 
boat sheet by the smooth plotter and in the Washington Office should be borne in mind. 
(See 3211 and 3212.) 

326. SHIPMENT OF Boat SHEET 

The boat sheet shall always accompany the smooth sheet whenever the latter is 

transmitted to any other party, Processing Office, or the Washington Office. It shall 

be forwarded, however, in a separate package and at a different t me from the smooth 
sheet and the Sounding Records. Shipment may be made by registered mail or by 

express. A transmitting letter (Form No. 413), in duplicate, shall be mai ed sepa- 

rately. A triplicate of the transmitting letter shall be included in each package. For 
further details of shipments see 836. 

33. HORIZONTAL CONTROL OF HYDROGRAPHY 

A hydrographic survey is a three-dimensional survey in which a sounding repre- 
sents a vertical measurement of the depth of the water, which must be located in the 

horizontal plane by two coordinates. Obviously a knowledge of the depth is useless 
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for charting purposes without a knowledge of the geographic position at which the 
depth was measured, or its relative position with reference to the land. 

The problem of hydrographic surveying is twofold, one part consisting of the 
various methods of measuring the depths of the water and the second part consisting 
of the measurements to determine positions in the horizontal plane. This latter is 
called position finding, or the horizontal control of the survey. 

To determine the position of any point in a horizontal plane, at least two measure- 

ments are required, and in all methods of control, except by astronomic observations, 
these measurements must be to points (control stations) whose geographic positions 
are known, or whose relative positions to one another are known. Each measurement 

may be considered as resulting in a line of position on which the desired point is located. 
It is obvious, then, that it is necessary to have two intersecting lines of position, straight 
or curved, to determine the horizontal position of the point. 

This principle is applicable both to land surveying and to hydrographic surveying. 
In the latter the two measurements may consist of azimuths, or directions, from or 

to known control stations, which result in straight lines of position; or angles measured 

on board the survey vessel between control stations, each of which results in a curved 
line of position which is part of the circumference of a circle passing through the two 

known points and the observer’s position; or distances to known control points, result- 
ing in distance arcs which are parts of circles of position. Analysis shows that, except 

for surveys controlled by astronomic observations, all position finding consists of a 

determination of the position of the vessel by one of the three methods or combinations 
of two of them. 

Theoretically, the strength and accuracy of any position determination depends 

directly on how closely the angle of intersection of the lines of position approaches 

90°. Practically, the accuracy of position determination obtainable in hydrographic 
surveys decreases almost proportionately to the distance from the land, until astronomic 
observations are used. 

331. PosiTions 

For proper identification, hydrographic positions shall be numbered consecu- 

tively, starting with number 1 at the beginning of each day; and each day’s work shall 

be identified by a letter, or combination of letters assigned in alphabetical order. 

When hydrography is continuous, on a 24-hour basis, the first position after mid- 
night shall be considered to start a new day and shall be numbered and lettered accord- 
ingly, except for long dead-reckoning lines (see 3311). 

3311. Day Letters 

When hydrographic surveying is on a daily basis, each day’s work shall be identi- 
fied by a letter, or combination of letters assigned in alphabetical order, starting with 

the letter A on each survey sheet. Capital letters of one color shall be used to iden- 
tify the hydrography surveyed from the ship or the major survey vessel of the party; 
and lower-case letters to identify the work of the supplementary launches or vessels 
of the party, a different color being assigned to each separate unit. These distinctive 

letters and colors are to be used to identify the hydrographic positions throughout 
the records and sheets. 

Until the alphabet is exhausted, single letters shall be used for day letters, omitting 

the letters O and J. After the letter Z, double letters shall be used, the first series 
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being AA, BA, CA, DA, etc., the second series being AB, BB, CB, etc., and likewise 
for successive series. Primed letters, as A’, B’, etc., shall not be used. 

The colors to be used to identify the numbers and day letters of the positions are 
blue, purple, green, and red, in that order of preference. Neither black nor yellow 
shall be used for this purpose. 

A dead-reckoning line, controlled by astronomic sights, run in one general direc- 
tion and of not more than a few days’ duration, shall be considered as an entity and a 

single letter shall be used to identify all the positions on it regardless of calendar days. 
When hydrography is continuous, on a 24-hour basis, as in R.A.R., day letters 

shall be changed at midnight, the first position after midnight being assigned a new 
day letter. 

3312. Position Numbers 

The positions of a hydrographic survey shall be numbered consecutively for each 
day’s work. For this purpose positions shall be understood to include, in addition to 
fixed positions, all positions at which control data of any kind are recorded, including 

log readings, astronomic sights, bearings, etc., and time data required in the plotting. 

Numbered positions shall be recorded under all of the following circumstances, 
whether or not accompanied by control data, when this is practicable: 

' 

(a) At the beginning and end of each line. 

(b) When the sounding vessel has attained sounding speed at the beginning of a line or is slowed 

down near the end of a line and at all other times when the speed is changed appreciably. , 

(c) At all changes in course larger than 10°. When the vessel is small and the change in course 

is immediately effective, the position may be taken at the middle of the change. Otherwise, a position 

should be taken just before the course is altered and just as soon as the vessel is on the new course. 

When soundings are not recorded around turns between the ends and beginnings of adjacent lines, 

positions are not required between the last and first sounding of each line. 

In hydrography controlled by R.A.R., or any other means where fixed positions in quick succession 

are not practicable, a fixed position should be obtained in the vicinity of each turn where it will best 

control the sounding lines, other positions based on clock times or other data being recorded, by which 

to plot the ship’s course accurately (see 6812). 

(d) At all abrupt and considerable changes in depth. 

(e) At each detached sounding, including the least depth on a shoal which is being investigated. 
Where drift soundings are taken over a shoal for the purpose of determining the least depth thereon, 

several positions at which the shoaler depths are found shall be recorded in the Record. No record 

need be made of other soundings obtained during the investigation except that a note must be made 

in the Sounding Record stating the length of time spent in the investigation. (See 3666.) 
(f) At each sounding taken by any means with the vessel stopped, except as noted in 3313 for 

vertical wire soundings taken close together. 

(g) Each time a position is fixed for any purpose whatsoever in connection with the survey, 

whether or not to fix the position of a sounding. 

(h) At any incident to which it may be necessary to refer. 

In recording surveys run on preestablished ranges, as in 334, it may be desirable to 
identify each position by the range it is on, rather than use the customary consecutive 
numbering system throughout the day. The day letters should be used as usual, but 
positions may be identified as range la—1, range 1a—2, etc., in which the letter is the day 

letter, the first number is the number of the range, and the second number is the number 

of the consecutive position on that range. In the records and on the sheets the control 
stations should be marked to correspond with the identification used in the Sounding 
Record. 

Where positions of the soundings are determined by linear measurements along a 
range, each consecutive sounding may be identified by its distance from the front range 
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mark or control station, as range la—8m, range la—16m, etc., in which 8m and 16m 

represent the distances in meters along the sounding line from the control station. 

3313. Frequency of Positions 

The regular interval between consecutive fixed positions along a sounding line 
should be such that the proposed lines can be followed closely enough so that splits will 
rarely be necessary and there will be little uncertainty about the placement of the 
soundings between fixed positions. Thus the frequency of position will depend on 

the depths, the spacing of the lines, the scale of the survey, the bottom relief, the speed of 
the vessel, the length of the sounding lines, and the constancy of the current. Itis appar- 
ent that some of the above are complementary ; for example, where the depths are greater 

the lines are spaced farther apart, and the survey is usually made on a smaller scale. 

A uniform frequency of position should be chosen, which can be generally main- 
tained throughout most of the survey. This will be of advantage in plotting and spacing 
the soundings and will aid in detecting errors in plotting. 

For handlead sounding on large scales at the proper speed of vessel, the interval 
should seldom exceed 3 or 4 minutes, but may be increased somewhat for offshore work 
on smaller scales. 

A position should generally be taken at each vertical wire sounding, but when the 

soundings are close together and there is little likelihood of the vessel’s being deflected 
from her course by currents or other causes, a position may be taken on every second 
or third sounding. 

In an echo-sounding survey of an area of fairly even bottom, the maximum dis- 
tance between adjacent positions on a line should be about 1% to 1% inches on the survey 
sheet, regardless of scale. 

Where the bottom is irregular, the slope is steep, or there is difficulty in keeping the 
sounding vessel on line due to current, or for any other reason, positions should, of 
course, be taken more frequently. 

When echo soundings are taken from a vessel proceeding at standard speed the 
distance traveled in any interval of time will be longer than at a lesser speed, but the 
proposed lines can be followed more closely because of this increased speed. 

In most hydrographic surveys controlled by three-point fixes, the signals are 

readily visible and positions can be taken almost as frequently as they can be recorded 
and plotted. For a vessel with a speed of 8 knots, taking echo soundings controlled by 
fixed positions on a 1:10,000 scale, the maximum time between positions should ordi- 

narily be about 1% to 1% minutes. For smaller scales, the times between positions may 

be increased slightly less than proportionately. For a 1:20,000 scale and other condi- 
tions as before, the maximum interval should probably be between 2} and 2%4 minutes. 

For surveys controlled by R.A.R., there is a practicable minimum time between 
successive positions because of the time needed to receive the returns, take the time 

intervals from the chronograph tape, and plot them on the boat sheet. In 1941 this 

required about 4 minutes, although developments in methods and equipment may 
reduce this somewhat. Only rarely are surveys controlled by R.A.R. plotted on 
scales larger than 1:80,000, and for this and smaller scales an interval less than 4 

minutes should seldom be required. (See 6812.) 
On dead-reckoning lines controlled by astronomic sights, positions with log readings 

should be taken at regular intervals of about 10 minutes each. These should be 

supplemented by positions at times when control data are observed, as for instance at 
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each astronomic sight which is to be used as a separate line of position. 
Where an area has to be developed by a system of lines more closely spaced than is 

customary at the scale of the survey, a proportional reduction in the interval between 
positions must be made. 

The maximum interval between positions should be reduced when there is any 
likelihood of its use resulting in misplaced intermediate soundings or errors in the 
positions of the depth curves. 

Although there is no objection to the use of unrecorded trial positions to check 

the course or distance while sounding, valuable control data are lost if they are not 
recorded. The fact that a trial position is required is evidence of uncertainty between 
fixed positions. ‘In such case the trial position should be observed at the time of a 
sounding, and recorded. (See 3452.) 

332. METHODS OF CONTROL 

The methods usually used to control hydrographic surveys depend on the distance 
from land and the depth of the water. In general, the accuracy with which any sound- 

ing can be located in latitude and longitude also varies proportionally with the dis- 
tance from the land, until astronomie sights are resorted to. 

Where the survey vessel is close to the shore, its position, or the positions of the 

soundings, may be determined most accurately from observations at control stations 

on shore. This method is slow, its reliability depends on the correlation of observa- 
tions taken at widely separated points, and the accuracy attained is usually unwar- 

ranted at the scale of most inshore coastal hydrographic surveys. Its use may be 
warranted, however, in harbors, in dredged channels, in the vicinity of docks and piers, 
and where subsurface construction is to be undertaken in the area. 

3321. By Three-Point Fixes 

The usual method of fixing hydrographic surveys within sight of land is known as 

the three-point fix method, described in detail in 333. This method is almost univer- 
sally followed for position finding. It consists in measuring simultaneously on board 
the survey vessel two sextant angles between objects or signals whose geographic 
positions are known. Where moderate depths extend a considerable distance from the 
shore this method may still be used to determine the position of the survey vessel 
beyond sight of land with reference to anchored control buoys, whose geographic 
positions have been determined with reference to the shore control stations (see 

section 25). 

3322. By Radio Acoustic Ranging 

Beyond the limit of visibility of shore objects and where the use of buoys for three- 

point fix control is impracticable or unwarranted, a number of methods of control have 
been used in the past—all considerably less accurate and consequently less satisfactory 

than fixed position determinations. The limit of visibility may be imposed by the 

curvature of the earth, but generally it is dependent on the atmospheric conditions in 

the area. 
Radio Acoustic Ranging (R.A.R.) is the method employed beyond the range of 

the three-point fix method. It is described in detail in chapter 6. By this method the 
position of the survey ship is determined by the indirect measurement of distances 
from two or more previously located control stations. The method may be thought 
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of as the determination of an unknown position by the measurement of two sides of a 
triangle when the length of the third side is known. Lach control station is equipped 
with a radio transmitter and a subaqueous sound receiver. The distances of the 
survey ship from the control stations are determined by exploding a small bomb in 
the water near the ship and measuring the interval of time required for the sound 

to travel to each station. A chronograph on the ship records the explosion of the bomb 
and the radio signals which are transmitted automatically by the control stations when 
the sound from the bomb arrives at the respective stations. If the velocity of sound 
through sea water is known, the distances can be computed and the ship’s position 
thus determined. 

Beyond the range of R.A.R. and in areas where such accuracy is unwarranted, 
soundings are fixed in position by the well-known methods of dead reckoning and as- 
tronomic observations as used in navigation, with refinements. (See 337 and 338.) 

3323. Other Methods 

In addition to the two methods used most to fix the position of the survey vessel 
during a hydrographic survey, there are a number of other methods used in special 
circumstances or to supplement the two more common methods. Those most fre- 

quently used are: 

(a) Shore observations—used solely or partly to control large-scale inshore surveys—described 

in 334. 
(b) Estimation—where the positions are determined in whole or in part by estimated distances 

and directions to shore detail, or control stations—described in 335. 

(c) Bearings—where the position is determined wholly by bearings from the survey vessel to 

control stations (see 3361), or by a bearing and distance, as in the following typical examples: 

(1) One bearing and one sextant angle. 

(2) One bearing and R.A.R. distance. 

(3) One bearing and distance by vertical angle (see 3363 and 3364). 

(4) One bearing and distance by depression angle (see 3362). 

(5) One bearing and distance by rangefinder (see 455). 

(d) Dead reckoning—where positions are determined by the ship’s run from the last fixed posi- 

tion—described in 337. 
(e) Astronomic observations—where positions are determined by observations of celestial objects— 

described in 338. 

333. SEXTANT THREE-POINT FIXES 

Hydrography shall be controlled in horizontal position, in areas where a sufficient 

number of suitable control objects are visible, by the well-known three-point fix method, 
using sextant angles, unless more precise methods are required. (See 334.) 

Position determination by two or more sextant angles taken by observers on the 
survey vessel is the most satisfactory and commonly used method for hydrographic 

surveys when the required objects are visible. To observe a three-point fix, two 
observers measure two angles simultaneously with sextants; one measures the angle 
between the left-hand and center object, and the other the angle between the center 
and right-hand object. The position of the vessel is then found mechanically by using 
a three-arm protractor (see 4534). This is in effect a graphic solution of the three- 
point problem. The advantages of the method are that all of the operations are per- 
formed on board the survey vessel, the required data are known immediately, and the 

position may be determined quickly. 
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3331. Principles of the Three-Point Fix 

The theory of the three-point problem is well known. It depends on the following 
three principles: 

(a) The circumference of a circle can be described through any three given points. 

(b) If two of the points are fixed in position, the angle between them measured at a third point 

will be the same for all points on that part of the circumference of the circle on the same side of a 

line joining the two fixed points. 

(c) If, in addition to the first angle, a second angle is measured from the same unknown point 

to two points, one of which always, and both of which occasionally, differ from the first two, the posi- 

tion of the unknown point will also be defined by a second circle. Since the unknown point lies on the 

circumferences of two circles, its position will be defined by the intersection of these. 

3332. Strength of Three-Point Fix 

Theoretically, the strength of a position determination by a three-point fix depends 

directly on the angle of intersection of the two circumferences defined by the two 

- angles and the three known points. The more nearly this intersection approaches 90°, 
the stronger is the fix. Conversely, the nearer the circles approach tangency, the weaker 
the position becomes until it is indeterminate when the two circles coincide. An inde- 

terminate fix is called a revolver or swinger because, when an attempt is made to plot 
it with a protractor, the protractor will swing along the are of the coincident circles, 

since any point on them will satisfy the conditions. The strength of a three-point 
fix, therefore, depends directly on the relative positions of the three fixed points and 
the unknown position. 

An experienced hydrographer can visualize almost automatically the circle passing 
through two fixed points and his position. When he realizes that the two circles 
involved will intersect at an acute angle, he knows that the objects responsible for this 
condition must be avoided, if another choice is available. The three-point problem 
is analyzed in various treatises on surveying and this need not be repeated here, but 

beginners who may have some difficulty in selecting the most suitable objects should 
find the following general rules useful: 

(1) The strongest fix is when the observer is inside the triangle formed by the three objects. And 

in such case, the fix is strongest when the three objects form an equilateral triangle, the observer is at 

the center, and the objects are close to the observer. 

(2) The fix is strong when the sum of the two angles is equal to or greater than 180° and neither 

angle is less than 30°. The nearer the angles equal each other the stronger will be the fix. 
(3) The fix is strong when the three objects are in a straight line, or the center object lies between 

the observer and a line joining the other two and the center object is nearest to the observer. 

(4) The sum of the two angles should not be less than about 50°, better results being obtained 

when neither of the angles is less than 30°. 
(5) The fix is strong when two of the objects a considerable distance apart are in range or nearly 

so and the angle to the third is not less than 45°. 

(6) A fix is strong when at least one of the angles changes rapidly as the survey vessel moves 

from one location to another. 

3333. Selection of Objects 

The theoretical strength of the three-point fix is based on the supposition that 

there will be no more than a certain angular error in any measured angle regardless of 
the size of the angle or the distance of the objects. There are other practical limitations 
which must be considered. 

Small angles should generally be avoided as they result in weak fixes in most cases 
and are usually difficult to plot. .A strong fix will be obtained, however, with one small 
angle when the vessel is a little off a range and the nearer of the two objects in range is 

the center object. In this case the small angle must be observed very accurately, and 
465882—44_16 
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the positions of the two range objects must be very accurately known and plotted, or 
comparatively large errors in position will result. It should also be noted that, while 
such a fix continues strong as long as the near object is in the center, it may become 

very weak as soon as the vessel moves to a position where the more distant object is 
the center object. 

Avoid using at close range an indefinite object or one whose position is uncertain. 
Errors from such sources decrease rapidly as the distance of the uncertain object in- 
creases relative to the other two. In other words, two nearby definite objects whose 
positions are accurate may be combined to good advantage with a right- or left-hand 

distant object which is indefinite or whose position is not so accurately known. 
The definiteness of the objects and their accuracy of position being equal, nearer 

objects should always be preferred to more distant ones, since slight errors in the angles 
affect a position less. Possible distortion of the plotting sheet also makes it preferable 
to use nearer objects. For inshore hydrography, control stations on the adjacent shore ° 

provide greater accuracy than distant stations as, for instance, those on the opposite 

side of a wide channel or large bay. 
There are numerous advantages in using off-lying signals, or those on an opposite 

shore, however. In many cases angles are easier to observe and plot. It is not neces- 
sary to change objects so often as when using nearby signals and the necessity for 
numerous closely spaced signals is avoided. The extent to which such signals can be 
used is therefore important and requires good judgment. In general, for ordinary 
hydrographic surveying it is satisfactory, and in fact preferable to use such signals, 
provided their positions are accurately determined, that they are so distributed that 
strong fixes may be obtained from them, and that they are not so far away as to require 
the use of extension arms in plotting. Under these conditions one or more distant 
signals can be used advantageously in conjunction with nearby signals. The strength 
of an inshore fix may be increased considerably if one distant offshore signal is used in 
conjunction with two signals along the shore close to the observer, the survey vessel 
being inside the triangle formed by the stations. The angle between the alongshore 
stations determines the distance of the vessel offshore, the angle to the offshore station 

determining the position along the shore. 
If practicable, the distances between the center and the right- and left-hand objects 

should be longer than the observer’s distance from the center object. But a very near 
center object is a disadvantage when used in combination with distant right- and left- 
hand objects from a moving vessel because of the rapidity with which the two angles 

change. Unless the observers stand close together and mark their angles accurately 
and simultaneously, there is likelihood of introducing a relatively large error in the 

sum angle which will affect the position considerably. In such cases, however, there 
will be less likelihood of appreciable errors of position being introduced if one of the 
observers measures the sum angle and it is used in combination with either the right or 

left angle. (See 7625.) 
Avoid a selection of objects which results in a revolver (see 3332). Sometimes near 

the inshore end of a line there is no other choice; but in such a case a third angle should 

be taken, if practicable, to a distant definite feature such as a tangent or point of land. 

When the hydrographer expects such a situation, a constant course and speed should 
be maintained from the previous position, so that the dead reckoning may be used in 

conjunction with the angles in plotting the position in its correct location. 
A weak fix is indicated when both angles change slowly as the survey vessel moves 

along the sounding line. It should be noted that the fix is strong if. in plotting, a slight 
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movement of the center of the protractor moves the arms away from one or more of the 
stations, and it is weak if such a movement does not appreciably disturb the relation of 

' the arms to the three points. 

3334. Changes of Fix 

Generally the strongest fix available should be observed at each position. There 
are other practical limits, however, to the frequency with which changes in fix should 
be made. Frequent changes of objects are conducive to recorder’s errors as well as 
observer’s errors. It is considerably easier for an observer to repeat angles between 

the same two objects than it is to find two new objects in his sextant at each observation. 
When signals are faint, due to distance, haze, etc., it is often much better to hang on to a 

fix, rather than attempt a change to a stronger fix. Some observers, however, tend to 

retain the use of the same three objects long after a change to a stronger fix should have 
been made. 

3335. Sextant Fixes on Shore Objects 

In addition to the general information relative to strength of fixes and selection of 
objects, there are specific points that should be guarded against when fixing the position 
of the vessel by sextant close inshore and far offshore. 

Without a multitude of small signals it is impracticable to obtain a strong fix at 
the inshore end of each sounding line, as a survey vessel close to the shore is nearly 
on line with the signals and the sum of two angles will generally approach 180°, with 

one of the angles being extremely large and the other extremely small. Such a fix 
determines accurately the distance offshore but is very weak in its determination along 
the shore. Since the angles of such a fix change rapidly when the vessel is moving, 
unusual care must be taken to mark the two angles simultaneously; otherwise there 
may be considerable error in the position. This also applies to inshore positions fixed 
by using two signals close to the observer and one distant offshore signal. 

Where all the signals of a three-point fix are at short distances from the vessel, 
the error introduced by not marking simultaneously has less effect on the position. 
Where the center object is close, the effect on the position increases with the distance 
of the right and left objects from the observers. 

At times when it is impossible to obtain a three-point fix, it is possible to measure 

two angles to four signals so as to-fix the position. This is known as a split fix because 
there is no common center object. If the signals are appropriately chosen the fix may 
be just as strong as a three-point fix but considerably more time is required to plot it. 

It cannot be plotted by the three-arm protractor method—instead, the locus of each 
angle must be plotted separately, the position being at the intersection of the two loci 
(see 7625). Such a fix should be taken intentionally only when no three-point fix is 
available. 

Fixes at the extreme limit of visibility are likely to be weak because the angles 
between the only stations visible are generally small. In such cases the angles change 

slowly, and a slight error of observation affects the position a comparatively large 

amount because of the smallness of the angles. In such cases it is necessary to use 
telescopes in the sextants, to have the sextants in perfect adjustment, and to mark and 
read the angles with extreme accuracy. 

3336. The Use of Indefinite Objects 

Indefinite objects or those inaccurately located shall not be used to control inshore 
or critical hydrography. For general use, when other objects are lacking, one indefinite 
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object may be combined to advantage with two comparatively near objects to form a 
very strong fix. For the control of offshore hydrography by three-point fixes, indefinite 
objects are frequently the only ones available. 

a. Hilltops——The tops of hills or mountains are often used as control for the 
offshore hydrography. Definite and conspicuous points shall be selected and these 
shall be accurately located so far as practicable. Round indefinite summits appear 
smaller and sharper at increased distances. Angles should never be taken to round- 
topped peaks from such short distances that there is doubt about seeing the summit. 
At close range, nearer points, such as shoulders and the lower slopes of the summit, 
are often mistaken for the actual summit, causing errors in the positions. 

b. Tangents—Regardless of the number of accurately located definite objects, it 
is occasionally necessary to include in a fix an angle to the well-defined tangent of an 
island, point, or other feature. Where the topography is accurate and the shoreline 
steep, such features can generally be used with tolerable accuracy, if they are distant 
as compared with the other objects. Tangents to sandy and low-lying points should 
be avoided. 

Where the angle is measured to a tangent so distant that the juncture of the land 
and the water is below the horizon and cannot be seen, an error may be introduced 
owing to the fact that the observation is taken to a part of the feature some distance 
above the water and consequently some horizontal distance from the true tangent at 
the waterline. Even for offshore hydrography such a feature should be used only 
where no better objects are available. If its use is unavoidable the elevation of the 
feature above the true high-water line should be computed from its distance and the 
height of eye above the water (see 272), the latter being recorded in the Sounding 
Record. The observed angle should then be plotted on the tangent of the contour 
that is probably on the observer’s horizon. If the feature has not previously been 
well contoured it may be necessary to contour it especially for this purpose in order 
to obtain the desired degree of accuracy of position. If such a tangent needs to be 

used repeatedly it should be scrutinized carefully to see if there is not some distinctive 
natural feature at a sufficient elevation to be always visible, which may be specially 
located for use as a control station. 

3337. Sextant Fixes on Buoys 

The positions of survey buoys cannot be determined as accurately as those of fixed 
objects on shore, and the scope of the buoy around its anchor is an additional factor 
of uncertainty in position at any particular observation. Because of this, propor- 
tionately stronger fixes must be used for sextant observations on buoys or the plotted 

positions may be considerably in error and difficulty will be experienced in running the 
sounding lines. 

Considering a zone of hydrography to be controlled by three-point fixes on buoys 
established in a line, the position of the sounding vessel near the line of buoys can be 
determined more accurately where they are correct in azimuth with reference to one 
another, irrespective of the accuracy of their distances apart; and the positions far from 
the line of buoys can be determined more accurately where the distances between the 
buoys are correct, irrespective of the absolute accuracy of their azimuths with reference 

to one another. If sounding lines are run normal to and through the line of buoys, 

large jumps will occur when the vessel passes from one side of the line of buoys to the 
other, unless the buoys are accurately located in azimuth with reference to one another. 

If the distances between buoys are inaccurate the extreme outer end of a straight 
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sounding line will plot as a curve, and a large jump will occur when, at a considerable 
distance from the buoys, one or more of the buoys comprising the fix are changed. 

For a method of strengthening the azimuths between adjacent buoys in a line of 
buoys located by sextant cuts, see 2552. 

The difficulty of observing sextant angles between survey buoys beyond sight of 
land is considered in 4522. 

3338. Inclined Angles 

Where a sextant angle is observed between two objects which do not lie approxi- 
mately in the same horizontal plane as the observer, the observed angle must be cor- 
rected before it is used for plotting. Where one of the objects is at or near sea level 
and the other at a sufficient elevation to cause an appreciable error, the inclined angle 
may be corrected by the use of the graph in figure 56. This graph is based on the 
formula 

cos V, 

cos h 
cosa — 

in which V,=observed or inclined angle, h=angular elevation of the elevated object, 
and V,=horizontal or computed angle. (See also 941.) 

To find the correction to an observed angle, enter the graph at the left-hand margin 
with the altitude angle as an ordinate and from this point extend-a line horizontally 
until it intersects the curve representing the observed inclined angle, interpolating if 

necessary between the curves shown on the graph. The abscissa of the point of inter- 
section read on the horizontal scale at the bottom of the graph will give the correction 

-to be applied. The correction is subtractive for angles less than 90° and additive for 
those greater than 90°. Note that the above formula and this graph are only applicable 
where one of the two objects is elevated. 

If both objects are elevated sufficiently to require correction, the correct horizontal 
angle may be obtained from the following formula: 

cos V,—sin h, sin hz 
cos V.= 

S cos hf, cos hz 

in which h, and fy» are the angular elevations of the two objects. Logarithmic computa- 
tion will be facilitated by converting this formula into the following equivalent formula: 

cos ¥ V,=-+/sec h, sec hz cos S cos (S— V,) 

in which ge Me th seh 

A convenient form for using the formula is as follows: 
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334. LARGE-SCALE SURVEYS 

More precise methods of control on larger scales are necessary for unusually intense 
surveys of important localities, or detailed surveys to verify dredging operations in' the 
vicinity of docks or slips or for use in planning subsurface construction of any kind. 

The methods to be used in such cases may be grouped in three classes: 
(a) Surveys controlled entirely on board the vessel. 
(b) Surveys controlled entirely from shore. 
(c) Surveys controlled partly on board and partly ashore. 

3341. Surveys Controlled Entirely on Board 

Surveys on particularly large scales (usually larger than 1:10,000) may be controlled 
entirely on board the vessel with the usual sextant three-point fix method, but special 
precautions must be taken to guard against errors that would not be appreciable on 
smaller scales. The control must be located more accurately. The survey vessel 
must proceed at slow speed and the strongest fixes must be chosen. The observers 

should stand close together and close to the sounding apparatus when marking the 
angles. The angles must be marked simultaneously. The soundings must be vertical. 
The exact times of soundings and positions must be noted with great care. 

It is impracticable to make such a survey satisfactorily without ranges. Parallel 
ranges equally spaced may be established in advance for the special use of the hydro- 

eraphic survey party, or if a prominent object in the distant background is where it 
can be seen throughout the area to be surveyed, it may serve as the rear range mark 
to a series of accurately located front range marks along the shore. In the latter case 
the sounding lines radiate from the rear object, but if it is sufficiently distant, the diver- 
gence in the spacing between lines may not be detrimental; in fact it may be advanta- 
geous as it results in a spacing increasing proportionately to the distance offshore, which 
may be desirable if the depths of water increase as one goes offshore. Radiating lines 

are of particular advantage for surveying around points of land. 
For most precise operations, ranges on shore, either parallel or radiating, should 

be established by a topographic party, the distances between them being measured 
with a tape. 

3342. ‘Shore-Controlled Surveys 

For surveys of the greatest accuracy in river and harbor work the positions of the 
soundings are determined by means of two or more theodolites or transits set up on 
shore at suitably situated triangulation stations. Two stations will usually be suffi- 
cient to determine positions, but three are advisable to provide for a check at each 
position and to ensure that a position is obtained in the event that one shore observer 
misses his observation because of an intervening object or for any other reason. 

In the most precise surveys, the depth of water permitting, the depths are measured 
in feet and tenths on a graduated pole, simultaneous cuts being taken from the instru- 

ment stations on shore when the pole is in a vertical position. When a position is 

required the shore observers are notified by a flag being displayed on the vessel; this is 

dropped at the instant the observation is required. Rarely is every sounding so located; 

it is usually sufficient to locate only every third or fourth sounding, according to the 

accuracy demanded. 
The soundings on the vessel must be coordinated with the shore observations and 

it is essential that the timepieces used be in agreement, and if practicable be compared 
several times a day, and if necessary reset. The times of the positions and of the 
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shore observations should be noted to the nearest second and recorded in the Sounding 
Record on the vessel and in notebooks at each shore station together with the respective 
observations. 

The directions measured with the theodolites or transits on shore must be referred 
to a known direction or azimuth and the object used for orientation should be verified 
and noted at the beginning of each page of the record by recording a pointing on the 
reference object. For plotting the positions of the soundings graphically, it is advan- 
tageous, although not essential, that the control stations be within the limits of the 
survey sheet; and it is convenient, although again not essential, if the reference station 
used for orientation is to the shore observer’s left as he views the area being surveyed. 

Directions measured with theodolites or transits should be read and recorded to the 
nearest half-minute; additional accuracy is unwarranted for graphic plotting. 

The disadvantages of the method are that the hydrographer cannot plot the posi- 

tions of the vessel as the work proceeds and that ranges must be provided for controlling 
the course of the vessel; otherwise a straight line of soundings cannot be run. 

3343. Surveys Controlled Partly on Board and Partly Ashore 

The survey may be accurately controlled by stationing one shore observer at a 
control station with a theodolite or transit to observe a direction to the vessel at each . 

position, while on board the vessel a sextant angle is simultaneously measured between 
two objects so located with reference to the occupied shore station that the circle defined 
by the locus of the observed angle will intersect the observed direction as nearly at 
right angles as practicable. (See 2522.) The positions are plotted by laying off each 
direction line from the shore station and, with a three-arm protractor, plotting each 
sextant angle so that its vertex falls on the respective direction line. 

If a series of equally spaced control stations are accurately located along the shore 
and successively occupied for measuring directions to the vessel, the shore observer 
can also direct the vessel-on course with his instrument, if sounding lines are run toward 
and away from him, thus eliminating the need for ranges. 

3344. Soundings Located by Measured Distances 

For still greater precision and on larger scales, e. g., 1:1,000, it is generally necessary 
to stop the boat for each sounding at predetermined distances from the front range 
marks. For an accurate survey in the vicinity of a pier or wharf, equally spaced control 

points may be established by taped distances along the edge of the pier or wharf. 
The sounding lines are generally run normal to the line of control points although they 

can be run at any selected direction therefrom. The boat is controlled on line by an 
observer at the control point who marks its progress with a transit or sextant, signaling 

it from time to time to keep it on line. 
Equally spaced soundings are generally taken at predetermined distances from the 

control points by direct measurement with a line, either marked at equal intervals or run 
over a registering sheave. Stranded sounding wire fastened to a ring or loop, marked 

at equal distances by white rags inserted in the strands, will serve admirably for this 
purpose. A reel should be provided by which to pay out or reel in the sounding wire. 
The zero end of the wire may be on the boat or at the control mark. If on the boat, 
a man is stationed at the control point with the reel; the boat proceeds slowly along 
the predetermined line and at the proper intervals it is stopped for soundings by braking 

the reel. If the zero end is at the mark, the reel is on the boat and the boat is stopped 

by a member of the crew applying the brake. All lines must be run away from the - 
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control points; this method of direct measurement cannot be used satisfactorily when 
proceeding toward the control point. 

3345. Use of Portable Range Marks 

Where it is impracticable to set ranges on shore for use in running the sounding 

lines, use can often be made of a small skiff manned by one or two men, on which a 
flag is erected. The desired spacing of lines is selected and an anchor line marked 
accordingly. The skiff is anchored to one side of one end of the area to be surveyed. 
By means of oars the skiff is propelled in a direction normal to the desired system of 

lines and stopped at each mark on the anchor line. It is held in place normal to the 
direction of the sounding lines by an occasional djp of the oars while the line is being 

run. For each successive sounding line the anchor line is slacked away permitting the 
skiff to move, normal to the direction of the sounding lines, to the next position marked 

on the anchor line where it is again held in place to serve as the range mark for the next 
line, and so on until all the desired lines have been run. 

The flag in the skiff serves as the front range mark and an extremely distant object 
may be selected to serve as the rear range mark. If sufficiently distant the same object 
may serve as a rear range mark for the entire area or different points near it may be 
selected by estimation. 

In using this method the ranges serve only to control the direction of the lines and 

keep them straight and do not otherwise serve as part of the control, the positions of 
the boat being entirely fixed either by directions from shore stations or by the usual 
sextant three-point fix method. 

335. Posrrions BY ESTIMATION 

It is often impracticable to provide a sufficient number of control stations so that 
every position of the inshore hydrography can be fixed by a three-point fix. Positions 
near the beach on the inshore ends of lines, in small bights, and up narrow winding 

creeks and sloughs often cannot be fixed by sextant angles. It is customary in such 
cases, and the necessity is recognized, to estimate a small percentage of the positions. 
This is the most difficult part of position determination in inshore hydrography. 

The estimation of distances.at sea is made more difficult by the fact that there are 

no objects of known size by which to make comparisons. ‘Long experience will be of 
assistance, but the experience of a topographer in estimating distances along the shore 
does not necessarily make him expert at estimating them from a launch or vessel at sea. 
In the estimation of short distances the height of eye plays an important part, and one 
who is accustomed to estimating such distances from the bridge of a large vessel at a 
considerable height above the water invariably overestimates the same distance from 
a much lower height of eye in a launch. The general tendency in estimating distances 
from a moving vessel is to underestimate distances to objects ahead and overestimate 
distances to objects abeam. 

3351. At Inshore Ends of Lines 

Where it is impracticable to fix the inshore end of a sounding line with a three-point 
fix when approaching the shore, the hydrographer should obtain a good three-point fix 

as near to the end as practicable and maintain the same course and speed to the end 
of the line, if this can be done without endangering the boat and its personnel. If it 
is necessary to slow down on approaching the shore, a fixed or estimated position should 
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be obtained at the time of slowing down, the same course should be maintained, and 
at the end of the line the distance from the high-water line should be estimated. One 
angle, or a bearing, can often be obtained and combined with the dead reckoning to 
provide a more accurate position than can be obtained by estimation (see 7625). 

Along an irregular coast it is impracticable to provide a sufficient number of 
signals to fix the beginnings and ends of lines in all of the small bights and indenta- 
tions into which lines should be run. An estimated distance to the high-water line or 
distances and directions to irregularities in the shoreline will provide sufficient control. 

3352. Curved Sounding Lines in Winding Waterways 

In narrow winding waterways it is often impracticable to provide a sufficient num- 
ber of signals from which to fix the position of the sounding vessel frequently enough 
to define its exact course. The sounding lines frequently parallel the shore and where 
the course of a narrow stream is winding, the hydrographer must fix his position with 

reference to control stations when practicable, at other times estimating positions with 
reference to the adjacent shoreline features and from his sense of dead reckoning. 
The sounding lines must frequently conform to the curves of the shoreline, even between 

fixed positions where it is impracticable to run a straight course from one position to the 
next. The hydrographer must estimate the course and position of the sounding 

vessel, plotting this course on the boat sheet from estimated distances and dead reckon- 
ing. In such cases notes should be made in the Sounding Record that the courses 
between fixed positions are not straight and direct, and that they should be taken from 
the courses sketched on the boat sheet. 

Such a lack of control is authorized only where the waterway is unimportant, 
its average width is less than 200 meters, and the establishment of the required control 
would be exceedingly uneconomic. The lack of fixed positions should be compensated 
for by additional positions referenced to natural features and most complete notes in 
the Sounding Record, but irrespective of this, the smooth plotter will have to rely on 

the boat sheets to an unusual degree for the positions of the sounding lines. 

3353. Distances to Objects Abeam 

The hydrographer must note in the Sounding Record the distance each object in 

the water area is passed close abeam. The distance should be referenced to the sound- 
ing line or lines that pass nearest the object. Such distances should be measured by 
depression angle (see 3362), when this is practicable, rather than be estimated. The 
exact height of eye must be recorded in the Sounding Record, together with the depres- 

sion angle. Among objects to which this applies are navigation and survey buoys, 
rocks (sunken, awash, and bare), isolated clumps or streamers of kelp, piles or fish stakes, 
and in fact any fixed or anchored object which may be a danger or an aid to 

navigation. 

It is very disconcerting in plotting the smooth sheet or in chart compilation to 

find that the hydrographic party has passed close to an object of the nature described 

above without mentioning it in the Sounding Record. Some doubt is raised as to its 

actual existence, or whether it was visible at the time of passing. 
Such data are intended to verify the existence and positions of such objects and 

should never be substituted for a more accurate means of location, when such is prac- 

ticable. 
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336. BEARINGS AND DISTANCES 

Inasmuch as a bearing from the survey vessel to a control object is a line of position, 
it is obvious that the position of the vessel may be determined by any additional data 
which will provide a second line of position to intersect the bearing at an appropriate 
angle. The more nearly this intersection approaches 90° the stronger will be the deter- 
mination of the position, assuming an equal reliability in the data. 

The line of position to intersect the bearing may be provided by data obtained 
in any one of several ways: For example, by a horizontal sextant angle measured 

between two control stations so situated that the locus of the angle intersects the 
bearing appropriately; by an R.A.R. distance from the station to which the bearing is 
measured or from any other station so located that the distance arc will intersect the 
bearing at an appropriate angle; or by a distance based on a vertical or depression 
angle, or measured by rangefinder. 

Where a survey is controlled principally by three-point sextant fixes on survey 
buoys or by R.A.R. methods using sono-radio buoys, useful positions are frequently 
obtained by the combination of a bearing and distance measured to a buoy being 
passed at a short distance. Distances measured with a 1-meter rangefinder for this 
purpose should not much exceed 1 nautical mile; longer distances are likely to be in 
error more than a position controlled by other methods. (See 455.) 

3361. Bearings 

Directions to the survey vessel from shore positions can be observed quite accur- 
ately but are practicable only when the survey vessel is plainly visible from shore. 
They are ordinarily used only in connection with the large-scale surveys described in 
334. The observation on board the vessel of all of the position data is an important 
consideration. 

Bearings from the survey vessel to control stations are frequently useful to supple- 
ment other methods of control in special circumstances, but they are notably untrust- 
worthy from distances greater than a few miles. 

Bearings from the survey vessel to control stations are srelinaiveilyy measured by 
means of some form of a pelorus (see 4434 to 4437). Their accuracy depends directly 

on the stability of the survey vessel, and on the accuracy with which the magnetic 
variation and the compass error are known, unless the vessel is equipped with a eyro- 

compass. For best results a pelorus equipped with a telescopic alidade should be used 
(see 4435), although a small theodolite mounted on the wing of the bridge of the vessel 
may be substituted therefor with good results (see 4436). In any case, tests must be 
made to ensure that the pelorus or other instrument is correctly alined with the lubber’s 

line of the compass (see 4437). 
Successive bearings should be observed to a distant control station to strengthen 

the plot of a dead-reckoning sounding line where more accurate control is lacking. 
The simplest case is, of course, the well-known bow-and-beam method used in navi- 

gation for determining the position of the vessel when it passes abeam of an object, 

the distance off being equal to the distance run by the vessel between the two obser- 
vations. Where bearings such as these are used in connection with dead reckoning, 

it is usually more convenient to take them at regular intervals when the log is read 
and to adjust the read-reckoning plot graphically to the plotted bearings (see 3378). 

Inasmuch as a bearing is an angular measurement, any inaccuracy will affect the 

horizontal positions by a proportionally greater ammount as the distance of the vessel 

from the object increases. Even at considerable distances, however, the data may be 
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of value to assist in controlling a dead-reckoning line of soundings. If the survey of an 

offshore area is controlled by astronomic observations, the positions of the sounding 
lines may frequently be strengthened by the observation of numerous bearings on an 
isolated island which is passed by the sounding line at a considerable distance. 

For the survey of an isolated shoal one survey buoy is frequently anchored at the 
approximate center of the shoal, the area being developed by a system of sounding lines 
radiating from the buoy. Bearings are useful to control the sounding lines in azimuth 
relative to the buoy, the distances from the buoy being determined by vertical or 
depression angles or dead reckoning, as described in 368. 

3362. Distance by Depression Angle 

The distance between the survey vessel and an object at sea—usually, but not 
necessarily, a survey buoy—may be determined by the measurement with a sextant of 
the small depression angle between the waterline at the object and the horizon beyond. 
The distance varies with the observed angle and the height of eye of the observer; for 
a given horizontal distance the greater the height of eye the more accurate will be the 
determination. The distance may be computed from the furmula 

pat cot (a+d) 

3.28 

in which D is the distance in meters to the object, H is the height in feet of the eye 
above sea level, a is the observed angle, and d is the dip of the sea horizon. 

The dip may be taken from a table which will be found in any epitome of navi- 
gation (e. g., table 18 in the American Practical Navigator—Bowditch) or may be 
computed from the formula 

d=59" JH 

d and H being the same as above. 
Tables or curves as illustrated in figure 57, showing the distances in meters for 

various angles and heights of eye may be prepared to facilitate the computation if 

frequent use is to be made of such angles. 
This formula does not include any correction for curvature or refraction. It 

should be used only for short distances. - Table 11 in Bowditch (page 138) is based 

on this formula. 
The height of eye should be determined and the sextant angles should be measured 

accurately. The sextant should be in adjustment or a correction made for any index 
error. The vessel on which the observer is stationed is unstable, and if the object 
is a survey buoy, it too is unstable, due to the motion of the water. The angle 
should be marked at a time when the vessel is on an even keel and when the 
level of the sea at both the vessel and the buoy is as near average as can be estimated. 
The buoy rises and falls with the waves and an attempt must be made to measure the 
angle to the mean position at which the buoy would rest if the sea were calm. 

Used in conjunction with three-point fix control, a depression angle of 3° or more 
will usually give the required accuracy; and if an observation from the bridge of the 
vessel would result in a smaller angle, an attempt should be made to measure the angle 

from a greater elevation. In general, a depression angle of 1° or less will be too in- 

accurate for use in connection with any kind of well-controlled hydrographic surveying. 
An angle of 1° will correspond approximately to a distance 50 times as great as the 

height of eye. 
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3363. Distance by Subtended Vertical Angle 

When the horizon is indistinct, or there appears to be abnormal refraction, or if 

for any other reason the depression angle method cannot be used, distances to near- 

by objects or buoys may be determined from vertical angles measured between the 
waterline and the top of the object, the height of the object being known. In con- 
structing survey buoys, the banners on each type of buoy should always be placed 
at the same height above the barrel for possible use in the measurement of such angles. 
The formula for determining the distance is 

h cota 

De 3.28 

in which D is the distance in meters to the object, h is the height in feet of the object, 
and a is the observed angle. This formula includes no correction for curvature or 
refraction. Table 9 in Bowditch (page 131) is based on this formula. 

The variables in the formula are the observed angle and the height of the object, 
neither the dip nor the height of eye entering into it. The accuracy of the observa- 
tion is increased by having the eye as close to the water as practicable and, of course, 
the object or buoy must be vertical at the time of the observation. Such observations 
are often impracticable on buoys because they are usually canted more or less by 
current or wind. If the object is nonfloating and its elevation above mean high water 
is used as the height, it must be corrected for the difference between mean high water 

and the height of the tide before applying the formula; the difference being additive 
when the height of the tide is below the plane of mean high water. 

3364. Distance by Vertical Angle Above Horizon 

Where the object is comparatively distant and the formulas in 3362 and 3363 
are inapplicable, the distance may sometimes be determined by a vertical angle measured 
to the object above the visible horizon. Distances so determined are rarely of sufficient 
accuracy to be used in conjunction with control by three-point fixes or R.A.R. They 
may occasionally be of value to supplement sounding lines controlled by astronomic 

observations or dead reckoning. 

The formula is 

aye —d\¥i_a—d 
acy (Vin ! Gre <a) 

in which a is the vertical angle in minutes of arc; D is the distance in nautical miles; 

d (or dip) equals 0.98VH; h is the elevation of object in feet above sea level at the 
time; and H/ is the height of eye in feet above sea level. 

The formula is adequate for most distances and convenient to use; refraction and 
curvature are included. The formula is applicable whether the visible horizon is 
between the observer and the object or the object is between the observer and the 
visible horizon. Table 10 in Bowditch (page 133) covers this case but has not been 
computed from this same formula and does not cover all possible conditions. 

3365. Ship Stations 

In launch or small-boat hydrography it may sometimes be desirable to supplement 

the existing control, because of its distance, by using the foremast of the survey ship as 
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asignal. The ship should be anchored with as short a scope of chain as practicable and 
its position determined by observers on board whenever there is any change due to 
change in direction of wind or current; unless, of course, it is practicable to moor the 
ship fore and aft. The position angles by which the foremast is located and the time 
of taking them must be noted and subsequently copied into the Sounding Record of 
the survey. 

The foremast of a ship anchored for this purpose may be used either in conjunction 
with other signals for three-point fixes or as an isolated buoy, the launch’s position 
from it being determined by bearing and vertical angle. In the latter case it is essential 
that the vertical distance from some selected part of the masthead to the waterline 

be measured accurately and all vertical angles be measured between these points (see 
3363). 

3366. Tandem Control 

It may occasionally be desirable to have two or more adjacent sounding lines 
run simultaneously and controlled by one ship, the other ships or launches being 
merely referenced to it. 

When visual control is used and the visibility is such that sextant angles can be 
measured only by observers stationed at a considerable elevation, a line run by the 
survey ship may be controlled by three-point fixes in areas where observers on launches 

cannot see the signals from their lower elevation. It may be advantageous to survey 
the inshore lines around a distant reef by this method. The survey ship may follow 

the edge of the reef at a safe distance, its course being more or less paralleled by one 
or two launches running lines between it and the edge of the reef. In this case all 
of the lines can be controlled best on the survey ship at each three-point fix position. 

. In addition to the two angles of the fix, a horizontal angle is measured to each of the 
launches to provide a bearing, and a depression angle is measured to each to provide a 
distance. 

A signal is given on the survey ship by whistle, or otherwise, at each position. 
Generally, the inshore launch follows the edge of the reef as closely as safety will permit, 

changing course only on the fixed positions unless changes between positions are required 
for purposes of safety. If a second launch is used it should be instructed to maintain 
a position about halfway between the ship and the inshore launch. 

The same method may be used to run parallel lines except that provision should 
be made for the launch to measure and maintain a fixed distance and direction relative 

to the survey ship. The distance may be measured by the masthead method of measur- 
ing a vertical angle between the waterline and a definite point near the top of one 

of the masts of the survey ship or by the use of a rangefinder. 
A similar method may be used in R.A.R., if for any reason it is desired to survey 

with two ships in conjunction, one of which is not equipped for R.A.R. The survey 
ship equipped for R.A.R. controls its course by R.A.R. fixes in the usual manner, the 

auxiliary vessel following it on a parallel course and maintaining a constant position 
from it, a little abaft its beam and at a desired distance. At each fixed position the 

auxuiary vessel measures a compass bearing and a rangefinder distance to the survey 
ship. When the ships are sufficiently close, the time of each fixed position may be 

obtained on the auxiliary vessel by watching the bomber throw the bomb overboard; 
or the auxiliary vessel may be notified by any prearranged system of signals from the 

survey ship. The line of soundings run by the auxiliary vessel cannot be plotted at 
the time, but at convenient intervals the position data may be radioed to the R.A.R. 
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ship where the tracks of both ships are plotted on the boat sheet. Unexpected shoal 
soundings should also be radioed to the R.A.R. ship. 

To assist the auxiliary vessel in maintaining station, all changes in course made 

by the R.A.R. ship should be communicated to the auxiliary vessel by flag signals or 
by radio. 

At the end of a pair of sounding lines a standard maneuver should be followed to 
place both ships on the next pair of sounding lines to be run, without risk of collision. 
In such operations the auxiliary vessel is always kept on the same side of the 
survey ship regardless of the direction of the lines. In turning at the ends of lines to 
start a new pair of lines, assuming that the turn is to the left, the right-hand ship turns 
about 90° to the left, passing astern of the other ship, which maintains its course for a 
distance equal to the spacing between lines. The latter then turns 90° to the left 
and runs to the next adjacent sounding line, turning again 90° to the left and steadying 

on the new course. Meanwhile the ship which was to the right originally has continued 
on its course for a distance equal to three times the spacing between lines and then 

turns to the left onto the new course. When this maneuver is correctly executed the 
ships will be exactly abeam at all turns and at a distance from one another equal to 
the spacing between lines. By maintaining relative distance by rangefinder and 
executing the turns accurately both are in position to start the next pair of lines very 
close to the desired positions. To make a similar turn to the right the maneuvers of 

’ the two ships are, of course, exactly reversed. 
When it is necessary to turn onto new lines where the above maneuvers are im- 

practicable, the auxiliary vessel should be instructed by radio to fall back to the quarter 
or astern of the survey ship and maintain position there until the survey ship has got 
into the position desired to start the new lines. The auxiliary vessel can then take 
her position. 

Some disadvantages of the method are: 
(a) That it cannot be used at night or when the two ships are not clearly inter- 

visible. 
(b) The officer-in-charge of the auxiliary vessel cannot plot his data at the time, 

nor know how much development is required, nor whether it is being achieved. His 

job is merely to follow instructions. 
(c) More than ordinary care and judgment are required in making turns where a 

close spacing of lines is required. 

337. DEAD RECKONING 

Dead reckoning in hydrographic surveying is neither more nor less than dead 
reckoning as practiced in navigation, with refinements. Dead reckoning enters, in 
more or less degree, into practically all of the methods for determining the position of 
the survey vessel. Rarely is each individual sounding fixed in position, and when this 
isnot done, the positions of the intermediate soundings are determined by dead reckoning 
with reference to the fixed positions. Dead reckoning is used to verify positions of 
doubtful accuracy, and in Radio Acoustic Ranging it is frequently used to aid in 
evaluating the data (see 7634). 

Dead reckoning is navigation by account, or reckoning, from the last known position. 
It is the procedure by which the position of a vessel at any instant is determined by 
applying the ship’s run to the last well-determined position, using for the purpose the 
course steered and the distance traveled, generally as indicated by log. . 
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From its very nature, dead reckoning is far from exact, its accuracy depending on 
the estimate of the run which is always apt to be more or less in error. A position 
determined by dead reckoning is likely to be in error by an amount proportional to the 
distance from the last known position. Errors which are scarcely subject to measure- 
ment may be introduced in a number of ways; among those affecting the course are 
imperfect steering, incorrect allowance for compass error, leeway, and current; and 

among those affecting the distance are imperfect logs or unknown log factors, and 
incorrect allowance for current. 

3371. Prevalent Uses of Dead Reckoning 

Besides its use to supplement fixed control, the most extensive uses of dead reckon- 
ing in hydrographic surveying are to control or assist in controlling the position of 
the survey ship beyond the range of control stations and to supplement astronomic 
observations. Hydrography beyond the range of control stations should not be 

controlled by dead reckoning for more than 8 consecutive hours, weather permitting 
astronomic observations; lines taking more than 8 hours should be planned to be 
fixed by astronomic sights. The three commonest cases in which dead reckoning 
is used are: 

(1) Where the control stations cannot be used to the limits of the area to be 

surveyed. In this case the dead-reckoning lines are run offshore, usually normal to the 
trend of the coast, to the limit of the area. The dead-reckoning line is almost always 
an extension of a well-controlled sounding line, fixed by the usual methods as far 
offshore as possible. The fixed positions farthest seaward aid in determining the 
correct course to be steered offshore and give a value for the leeway and current at 
the beginning of the loop. As the ship proceeds seaward the course is changed to allow 
for estimated variations in leeway and drift, thus maintaining the course to be made 
good, insofar as it can be estimated. When the ship arrives at the offshore limit of the 

area being surveyed, the course is changed about 90° for the run between adjacent 
sounding lines; it is then again changed about 90° to a course opposite to the original 
one until a fixed position can be obtained by conventional methods. This last course 
should be established by taking into consideration the estimated leeway and drift and 
continued without change, except for allowance for variation in leeway and drift, until 
a fixed position has been obtained.. The line should be continued for several positions 
after the first fixed position, to establish the course made good and the log factor at this 

end of the line. Account should be taken of the turning radius of the ship at the two 
turns at the offshore end of the line (see 33738). 

Between the fixed positions farthest offshore other partial data should be obtained 
whenever possible to aid in the adjustment of the line (see 3378). Such a dead-reckon- 
ing loop is rarely long enough for astronomic observations to be of much value, but 
loops of more than 8 hours’ duration should be planned so that the outer end may be 

fixed astronomically. In the latter case clear weather should be selected and the line 
should be started at a time for the outer end to be reached at dawn or dusk, when a 

good set of stellar observations may be obtained. Such observations should be taken 
on the short course between the two sounding lines. 

(2) Short loops similar to the above may be run radiating from a buoy, usually 
centrally located on a shoal. In this case the lines are comparatively short, and 
astronomic observations are of no value. Such lines usually start from a position close 
to and abeam of the buoy, the nearer positions being fixed by bearings and vertical 
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or depression angles, the remainder being controlled by dead reckoning. Positions 
should be spaced approximately 6 or 7 minutes apart, the logs and time being recorded 
in addition to any other data. If a sono-radio buoy is used, a distance to it can be 
obtained at each position and supplemented by other dead-reckoning data. 

(3) To supplement astronomic observations. In this case the lines are long, with 

no more than minor changes in course between the astronomic data. Such dead reckon- 
ing is similar to that used by every mariner, except that it is carried out with greater 

precision. 
3372. Importance of Accuracy 

The accuracy and hence the value of dead reckoning depends on the precision 
with which the various elements entering into it are known and are observed. The 
true course should be known within 1° and, if a gyrocompass is not used, the deviations 

of the magnetic compass should be from a recent ship swing; and, if a gyro pilot is 

not used, an experienced helmsman must be selected who can be trusted to maintain 
an average course within a fraction of a degree. The officer on watch should check the 

course frequently. 
Currents are not observed, but the effect of the current at the beginning and end 

of the line may be deduced from the fixed positions, and its estimated effect, as well 
as the estimated leeway, must be applied throughout the dead reckoning. The possi- 
bility of a change in current during the run must not be disregarded. Leeway is 
probably the most uncertain of all corrections. The log factor should be known 

within two decimals. 
The probable error in each of these elements is small in comparison with the 

length of the lines, but to attain the required accuracy all must be observed with more 

than average care and precision. 

3373. The Dead-Reckoning Course 

If the vessel is not equipped with a gyrocompass, it is essential to keep the magnetic 
compass adjusted so that courses steered by it will be nearly magnetic. Unless the 
deviation card is based on a recent ship swing, several of the values used should be 

verified either before or during the running of the dead-reckoning line. 
The courses on long dead-reckoning lines can be set by reference to the standard 

compass, but where comparatively short loops are involved it is advantageous to know 
the deviations of the steering compass accurately enough so that all courses may be 

set directly by it. 
It is important that the course be accurately steered and an experienced helmsman 

should be selected to steer all dead-reckoning lines, unless the ship is provided with 

a course recorder, from which the average courses steered can be subsequently deter- 

mined. 
The course can be more easily and accurately steered in a smooth sea and, since 

dead-reckoning loops are usually only a small percentage of the entire survey, they 

should be undertaken only during the most favorable weather. In a rough sea it is 
very difficult to maintain the ship on the correct heading on certain courses, for example, 

when there is a following sea. 
Large changes in course should be kept at a minimum in dead reckoning and all 

proposed lines should be planned with this in mind. Changes in course of 15° or less 
can be assumed to be effective at the middle of the ship’s swing and a record of the time 

and log reading at this point is sufficient. When the change is more than 15° the tume 
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and log reading should be noted both when the ship starts to swing and when she has 
straightened out on the new course. An officer should observe the compass at such 
times and mark the time for the recorder; otherwise the time is apt to be recorded too 

early at the beginning of the turn and too late at the end. For dead reckoning on large 
scales the ship’s course should be plotted as a curve for changes in course larger than 

15°, using the ship’s known turning radius for this purpose (see 7682). 
The courses steered should take into account the effect of the wind, sea, and cur- 

rent insofar as these effects can be estimated, so that the courses plotted after correc- 
tion for these effects will coincide with the proposed lines. 

3374. Dead-Reckoning Distances 

It is axiomatic that positions on a short dead-reckoning line will be proportionately 
more accurate than positions on a longer line. It is important, therefore, to plan dead- 
reckoning loops so as to be beyond the range of fixed control for as short a time as 
practicable. 

The faster and more constant the speed of the vessel the better can the dead reckon- 

ing be maintained. The engine room should be notified when a dead-reckoning line is 
to be started and warned to maintain the revolutions at as constant a rate as possible. 

The effect of leeway is minimized in proportion to the speed of the vessel and its applica- 
tion is easier when the speed is constant. 

Echo sounding now permits soundings to be taken continuously at standard speed. 
The ship does not have to be stopped nor slowed down for soundings as was formerly 

necessary. For best results, the speed should be maintained at a constant rate and 
the ship should never be stopped during a dead-reckoning run. However, other con- 
siderations may necessitate this, such as the safety of the vessel or the need for obtain- 

ing serial temperatures at the outer limits of the survey. But so far as the dead 
reckoning alone is concerned, much more accurate results will be obtained by eliminat- 
ing all stops and changes of speed. 

At least two accurately rated logs should be used in all dead reckoning (see 4454). 
If the ship is equipped with an electric submerged log (see 4452), several of the difficulties 

encountered in connection with conventional patent rotating logs will be eliminated. 
The submerged log records correctly the distance traveled by the ship around turns. 
When a rotating log is used, log loss can be ignored for changes in course less than 15°, 
but for larger changes it is necessary to substitute time for log readings around the 
turns and for a period of several minutes thereafter. Around turns a patent log 
follows a course through the water shorter than the ship’s course and friction on 
the line is often greater than normal, making the log unreliable at such times. After 

any change in course larger than 15° the operation of the log should be observed until 
it is normal, when its reading and the time should be recorded. (See also 3381.) 

If a buoy is passed close-to while patent logs are streamed, the ship should always 
be kept to leeward of the buoy and not too close to it, because of the danger of fouling 

the log line on the buoy or its anchor line. Also when patent logs are used on dead- 
reckoning lines started at buoys the survey ship must be placed on the proposed line 
4 or 5 minutes running time before the buoy is reached in order for the logs to attain 
normal operation during this period. 

The revolution counter should be read at positions, so that these readings may be 
substituted for log readings any time the logs fail to function properly for any reason 
whatsoever, and to furnish a check on the constancy of the speed. 
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3375. Wind and Current 

Dead reckoning can be run most accurately in a dead calm, but this condition 

cannot always be waited for. Experiments should be made to determine the amount 

of leeway which will be caused by winds of different velocities at various angles to the 
survey ship’s heading. 

An allowance must be made for current and, lacking observational data, an estimate 
may be based on the following general information: 

(a) Observations have demonstrated that a persistent wind will set up a wind-driven current with 

a velocity approximately 2 percent of that of the wind. This ratio can be expected to hold both in 

coastal areas and in the open ocean. 

(b) The direction of a wind-driven current in the Northern Hemisphere has been found to be 

generally about 20° to the right of the wind in coastal areas, but theoretically this deflection is prob- 

ably nearer 40° to the right of the wind in the open ocean. The rule for coastal wind-driven currents 

is not always applicable, especially when near the shore where the direction of the current depends 

on the angle between the wind direction and the coastline. 

3376. A Dead-Reckoning Line 

In running a dead-reckoning line, certain precautions must be observed and certain 
data must be obtained. These involve (a) the initial position, (6) the terminal position, 

and (c) intermediate data. 

a. The initial position.—An initial position for a dead-reckoning line should be 
selected which is correct beyond doubt. If data complete enough to fix positions are 

obtained farther offshore, but about whose reliability there is some doubt, they should 
be used merely as intermediate data to assist in the final adjustment of the dead- 
reckoning loop, but the line resulting from the first adjustment of the dead reckoning 

should not be moved far from its natural position in order to utilize such data. 
When practicable, each dead-reckoning line should start from a series of fixed 

positions, a constant course and speed being maintained during the several positions, in 

order that these positions may establish the course made good and a log factor for the 

initial part of the line. 
b. The terminal position.—As the dead-reckoning line approaches its end, a position 

must be fixed by conventional means as soon as practicable. If the offshore control is 
by R.A.R., an attempt should be made to get. bomb returns even before these may be 
expected to give results. A single bomb return will provide a distance are which may 

be used in adjusting the dead reckoning. 
When the terminal position is to be a visual fix, especially if observed to buoys, 

it is essential that the most experienced officer available be on the lookout for the 
signals to come into view as the survey ship nears the control. The observation of a 

visual fix while the signals are still extremely distant or indistinct and when their 
whereabouts is unknown, is one of the most difficult phases of hydrography. Usually 

an experienced officer can locate two of the objects and set a sextant on the angle be- 
tween them, passing the sextant to another observer who can maintain that angle, 
while the more experienced one finds the other object. The end of the line, like the 
beginning, should be fixed by a series of reliable fixed positions, and they and the more 
doubtful data should be utilized in the adjustment as described for the initial position. 

c. Intermediate data—Between the initial and the terminal positions all control 
data such as single bomb distances, angles, and bearings must be observed and re- 
corded, in addition to the dead-reckoning data, for use in the final adjustment of the _ 
loop. When the adjustment is made, some of these data will be found to be either in 
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error or less accurate than the dead reckoning and there should be no hesitancy in 
rejecting them when they are found to be so. 

3377. The Dead-Reckoning Abstract 

A dead-reckoning abstract on Form 722, R.A.R. and Dead-Reckoning Abstract, 
should be kept as the dead-reckoning line is run. On this abstract all control data 

should be entered which are to be used in plotting and adjusting the dead-reckoning line 
and also the courses and the distances made good insofar as can be estimated. Each 
officer on the bridge has his own duties in connection with obtaining, recording, and 

plotting these data. If there is a considerable lapse of time between the running of 
dead-reckoning loops, the plotting and adjustment of a loop may be performed at any 
convenient time after the run has been made. If, however, one dead-reckoning loop 

is run immediately following another, it is essential that the plotting and adjusting be 
kept up to date. Usually the dead reckoning can be plotted as it proceeds and a 
completed loop can be adjusted while the next loop is being run. ; 

3378. Adjustment of Dead Reckoning 

The dead reckoning should be corrected for all known factors affecting course 
and distance before it is plotted, so that it represents the actual track of the vessel as 

accurately as possible before adjustment to the terminal position. The amount and 
direction by which the terminal position plotted by the dead reckoning fails to check 
the terminal position determined by fix is the dead-reckoning closure. This dead- 

reckoning closure is usually first proportioned by time throughout the entire run, in the 
same way that a traverse closure in ground surveying is proportioned throughout a 
traverse according to distance. 

The above is usually only the first step in the adjustment of a dead-reckoning loop; 
there are other control data which must be taken into account before the adjustment 
can be considered complete. The courses as determined by the several fixed positions 

at the beginning of the line and by the several fixed positions at the end of the line 
must be given weight at the beginning and end of the dead-reckoning loop. The 
effect of this is that the first and the last portions of the dead reckoning must frequently 
be plotted as flat curves rather than straight lines. Other intermediate data such as 
single bomb distances, loci of single angles, and bearings, are plotted and each is analyzed 
with reference to the preliminary adjusted dead reckoning. Those partial data which 
appear reasonably correet and probably stronger than the dead reckoning itself are 
accepted and the dead reckoning is readjusted to make it conform to them. (See also 
764 and fig. 161.) 

3379. Precise Dead Reckoning 

Precise Dead Reckoning was the name given to a type of accurate dead reckoning used before 

the advent of echo sounding in depths where the survey ship could be anchored. The ship ran at 

reduced speed in order to obtain the soundings. The most notable characteristic of this type of dead 

reckoning was that the ship was anchored for current observations at the beginning and end of each 

souncing line and at intervals of about 2 hours on the line. This method was described in Special 

Publication No. 73, Precise Dead Reckoning in Offshore Soundings. 

Still later, additional accuracy was gained by anchoring lines of buoys perpendicular to the 

coast, spacing the buoys about 10 miles apart along the lines and the parallel lines of buoys about 

10 miles from each other. The buoys were located by full speed double runs to obtain accurate log 

distances and dead reckoning. The sounding lines were then run at reduced speed parallel to the 
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lines of buoys and were controlled by bearings taken at 10-minute intervals on the buoys visible. The 

bearings were plotted and the dead reckoning was adjusted to the bearings. 

Neither of the above methods is now used and they should be considered obsolete. 

338. ASTRONOMIC SIGHTS 

Hydrographic surveys beyond the limit of visibility of terrestrial objects and sur- 
vey buoys or beyond the range of R.A.R. shall be controlled by dead reckoning and 
astronomic observations. 

In general, where the sounding line is beyond the range of control stations for: 

more than 8 hours, it shall be planned so as to be controlled by astronomic sights, 
weather permitting. 

At least one and preferably several positions at both the beginning and end of a 

sounding line ccntrolled by astronomic observations must be well fixed from the off- 
shore control, which may be shore objects, survey buoys, or R.A.R. stations. The 

beginning and end of the line should be fixed as required in 3376. 
Astronomic sights are used in hydrographic surveying in a manner similar to 

their use in navigation, except that the sights are taken with greater precision and care, 
and they are used more accurately to control the sounding line. — It is not the intent to 
explain fully in this Manual all details of observation, computation, and use of astro- — 

nomic sights as these are usually well known and are adequately explained in any good 
epitome on navigation, such as Bowditch. The information in this Manual is limited 
to refinements of observation and the best methods of using the observational data 

to control hydrography. 
3381. The Use of Logs 

At least two well-rated logs should be in operation at all times that sounding lines 
are controlled by astronomic sights. The log factors of these must be accurately known; 
the method of determining these log factors is described in 4454. The use of the logs 
is similar to their use in dead reckoning which is described in 3374. On long lines 
controlled by astronomic sights logs should be read at 10-minute intervals or oftener, 

and each log reading recorded as a fix. (See also 4453.) 
The log reading at each astronomic sight must be determined to correlate the 

latter with the depth measurements. When the astronomic sight consists of a series 

of several (generally six) observations on one celestial body, the log may be read at the 
midpoint of the series of observations. This is generally not as satisfactory as a 
subsequent computation to determine the log reading at the time of the sight. Unless 
the series consists of an odd number of observations, the midpoint will come between 
two observations, and even when the series consists of an odd number, the mean time 
of the series will not correspond exactly with the time of observation of the middle 
sight. The ship’s time which is used to record the log readings is kept so nearly correct 
that for all practical purposes it may be assumed to represent Mean Time. After a 

sight has been computed, the Greenwich Civil Time of observation may be used in 

conjunction with the times of the log readings before and after a sight to determine 

the log reading at the sight by interpolation. 
At morning and evening star sights the several lines of position are run forward 

or backward to a selected central time for which a position is determined. At these 
observations the log reading for each sight must be computed as described above from 
the series of regular 10-minute log readings extending over the time during which 
all of the sights were taken. It is convenient to select a central time for the series 

which is a regular 10-minute position. 
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The log reading for each sight should be entered in the appropriate space on Form 

719, Astronomic Sight for Hydrographic Control, and on Form 722, R.A.R. and Dead- 
Reckoning Abstract. 

3382. Computations 
. 

Form 719, Astronomic Sight for Hydrographic Control, has been arranged so that 

any kind of astronomic sight may be computed on it. It is arranged for the use of the 
Mare Saint Hilaire method using the cosine-haversine formula. Its use is not obliga- 
tory if observers prefer other methods of computation which will give equally correct 
results. For a series of morning or evening star sights which can be computed from 
the same dead-reckoning position there is considerable advantage in using the Marc 
Saint Hilaire method. For single observations this method is longer than some of the 
newer methods which eliminate the necessity for the use of logarithms. 

Azimuths of observed celestial bodies can be scaled graphically to the nearest 
one-fourth degree from Captain Weir’s Azimuth Diagram. Considerable time is saved 

by the use of the graphic method, especially if a number of azimuths are to be scaled 
at the same time, and the results are as accurate as warranted. The declinations of a 

number of stars used most frequently can be plotted on the diagram. It contains 
complete instructions for its use. Azimuths can also be found from computed tables, 
such as H. O. No. 214, Tables of Computed Altitudes and Azimuths. 

If other methods of computation are used the observed and dead-reckoning data 
for which spaces are provided at the top of Form 719 should be arranged in the same 
general way on the adopted form. All computations should be worked to the nearest 
0.1 second of time and to at least the nearest 0.1 minute of are. 

The original computations should be bound together with the sheets on which the 
lines of position are plotted and with the dead-reckoning abstracts (Form 722) when 
forwarded to the Washington Office with the other survey records. Smooth copies 
need not be made of either the computations or the plotted lines of position. (See 8313.) 

3383. Lines of Position 

An observation on one celestial body gives a line of position passing through the 
observer’s position at right angles to the azimuth of the celestial body. One observa- 
tion does not give a fix. 

Each sun sight observed during the day should be plotted and used as a line of 
position to which the dead reckoning is adjusted. At the time the line is being run, 
one sun sight may be run up to another in order to determine the ship’s probable posi- 
tion at the moment, and whether or not a change in course is needed in order to follow 
the proposed line. When the final adjustment of the sounding line is made on the 
smooth sheet, sun sights shall not be run up, but must be used as separate lines of 
position at the times of observation to which the line as a whole is adjusted. 

In adjusting the dead reckoning to separate lines of position the first step is to 
make a preliminary adjustment of the line to those lines of position which most nearly 
parallel it and those which are most nearly at right angles to it. The former serve to 

place the line in azimuth and the lattet to determine a log factor for the interval. For 
example, if the true direction of the line is east or west, morning and afternoon sun 
sights taken when the sun is on the prime vertical will cross the line at right angles. 
From the log distance between these and the corresponding scaled distance between 
the lines of position a log factor for this interval can be derived. Without disturbing 
it in azimuth, the line may then be moved north or south until it coincides with the 
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noon line of position. Further adjustments may be required when the intermediate 
lines of position are considered. In some circumstances the procedure should be 
reversed and the position of the line made to agree with the noon sight first, the log 
factor being determined afterward. The above example is oversimplified because 
sounding lines are rarely run exactly east or west and morning and afternoon sun sights 

are rarely obtained when the sun is exactly on the prime vertical. It will serve, how- 
ever, to explain the method which, of course, has to be modified to meet each individual 

case. 
Where the direction of the line is such that it is neither parallel nor perpendicular 

to lines of position which can be used as described above, the preliminary log factor to 
be used during the day must be determined from the interval between the fixes obtained 
at morning and evening star sights. Otherwise the line must be adjusted by a trial- 
and-error method, trying various log factors and positions of the line until its most 

probable relation to the lines of position has been determined. 

3384. Accuracy of Astronomic Observations 

Astronomic observations should be made with navigating sextants, read to the 
nearest 10 seconds, and the time of each observation marked to the nearest fifth of a 
second. When only one person is observing at a time, the times of the observations 

may be marked by the recorder on the chronometer, if it is conveniently located. 
When two or more observers are engaged simultaneously in taking star sights, it is 

impracticable to use the chronometer for all observations. In such cases and when the 
chronometer is not accessible, best results are obtained by the use of a stop watch 
which should be compared with the chronometer immediately before and after a series 
of observations. For stellar observations each observer should have his own recorder 

and stop watch. 
In astronomic observations a change of 1 minute in altitude moves the line of 

position 1 nautical mile, a fact which should always be borne in mind. An observa- 
tional error of 15 seconds in altitude will make an error of one-fourth nautical mile in 

the line of position. 
At the Equator the altitude of a celestial body on the prime vertical changes 1 

minute of are in 4 seconds of time. Therefore, if the time of observation is 1 second 

in error, the resulting line of position will be in error one-fourth of a nautical mile. 
For other latitudes and other azimuths the error in position caused by an error in time 
is correspondingly less, varying with the cosine of the latitude and the sine of the 
azimuth measured from the pole. This is represented by the following formula: 

ye : ‘ ; t : 
Position error (in nautical miles) =] cos ¢ sm a 

in which ¢ is the time in seconds, ¢ is-the latitude of the observer, and @ is the azimuth 

of the observed body east or west of the elevated pole of the observer. 

It is probable that a careful observation on one star, made under the best conditions 

with an accurate sextant in good adjustment, can be counted on to give a line of position 

correct within one-half mile. And, in general, the accuracy of an individual sun sight 

observed under similarly good conditions is somewhat greater. 

A series of star sights which was analyzed in 1930 had an average intercept of 0.93 

nautical mile. These sights were made by several observers; unreliable sights were 

rejected from the average; the sights were observed from a vessel at anchor; but some 

of the other conditions were not the best. The results showed practically no personal 

error. 
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A series of 18 sets of star sights by 3 observers was analy. ed in a different way. 
There were four or more star sights in each set. All were observed from the vessel at 

anchor. The probable error of the resulting position was 0.07 nautical mile and the 

probable error of the position determined by any one set was 0.29 nautical mile. It is 

to be noted that the systematic error in longitude discussed in 3384B is not accounted 
for in this determination of probable errors. 

A. ERRORS OF OBSERVATIONS 

There are certain errors in astronomic sights that are constant or symmetrical, or 

neariy so, and which will affect all observations of a series alike. These are partly 

eliminated by the method prescribed for a series of morning or evening star sights (see 

3387A). Among these are index, refraction, and personal equation errors. A small 
error in the index correction or an incorrect determination of the height of eye affects 

each line of position an equal amount and only alters the size of the figure of error formed 

by the plotted lines of position, provided a proper selection of celestial bodies has been 
made. The same is partly true of refraction if it is of abnormal amount in all direc- 

tions. Systematic personal equation errors likewise are more or less canceled out. A 

good sextant with an accurately graduated are should always be used for astronomic 
observations, but systematic errors of graduation or errors caused by sextant mirrors 

will be largely compensatory when celestial bodies of nearly the same altitude are used. 
Errors due to nonverticality of the sextant, likewise, will more or less cancel out when 

bodies of approximately the same altitude are observed. 

Accidental errors of observation, however, are not eliminated by observing a series 
of stars symmetrically arranged, and only observations made by experienced officers 

who are able to obtain rapid and consistently good results should be used. Inexperi- 

enced officers should be given every opportunity to take and compute sights for practice, 
but their results should not be used officially until they are known to be trustworthy. 

Regardless of the fact that an error in the index correction or height of eye is 

eliminated by observations on stars symmetrically arranged, both should always be 
carefully measured because the observation of stars in all directions may be prevented. 

In addition to the errors which may exist in an individual star sight, another kind of 

error May exist ina sun sight. This is the error caused by imperfect shade glasses, 
described in 4515(c) to which reference should be made. 

It must be recognized then that a position determined from a series of stellar 

observations taken under the best conditions is likely to be far more accurate than a 
position on a line adjusted to individual sun sights observed under the best conditions 

during the day. - | 
B. ERROR IN LONGITUDE 

All other conditions being equal, there is likely to be a greater error in an astro- 

nomic sight on a celestial body in an east or west direction than on one in the north or 
south. The reason for this is twofold: An error in time will affect the line of position 

proportionately more, the more nearly the body bears east or west; and celestial bodies 

change proportionately faster in altitude, the more nearly they bear east and west, 

making accurate observations more difficult. 

The effect of an error in time on a line of position is discussed in 3384; there may 
be an error in the chronometer time, in the watch time, or the recorder may have a 

personal error. 
4°-5582—44-——-17 
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Owing to the more rapid rate of change in altitude, the vertical angles measured 
on east and west celestial bodies are less accurate than those on north and south ones. 
Observers are likely to have a personal error, so that they always mark a little late or 
a little early. This seems to be more pronounced for stars at greater altitudes and 
when the vessel is rolling, and is probably due to the rotary motion customarily given 
to the sextant in attempting to make certain that the observation is marked when the 
sextant is in a vertical plane. 

The effect of an error in time or a personal lag in observation is to translate all 
lines of position east or west of their true positions by an equal amount. Such an 

error is not eliminated by a series of star sights selected to plot in a symmetrical figure 
(see 3387A). 

Experience has shown that positions derived from star sights taken by several 
observers and worked up independently almost invariably differ more in longitude 
than in latitude, and that the difference between any two observers is likely to be 
consistently of about the same magnitude and in the same direction. 

C. THE IMPORTANCE OF A DISTINCT HORIZON 

A distinct and clear horizon is probably the most essential of all requirements 
for obtaining accuracy in astronomic observations. Only in very clear and calm 
weather is the horizon perfectly distinct and sharp. In stormy weather when the 
height of the seas makes the horizon noticeably irregular, better results may be obtained 
by taking the observations from as high a station as practicable in order to increase 
the distance to the horizon. In weather which is not perfectly clear, dark clouds low 
on the horizon often render it indistinct and at times sizeable errors have been made 

in observations by mistaking the upper edge of a low narrow band of cloud or fog for 
the actual horizon. In hazy weather, or when the horizon is indistinct, observations 
from a low elevation will give better results. 

The brightness of the horizon is a most essential requirement in stellar observa- 
tions. For this reason it is extremely important that evening stars be taken as early 
and morning stars as late as practicable, when there is sufficient daylight to illuminate 
the horizon reasonably well. There is a period of 15 to 40 minutes, varying with the 
latitude, during morning and evening twilight which is best for stellar observations. 
In extremely low latitudes rapid observing is necessary to get the required number of 
observations in the limited time available. The use of predicted altitudes and azi- 
muths of selected stars will assist greatly in getting the evening observations while 

the horizon is still sufficiently bright (see 3387B). 

D. OBSERVING PRECAUTIONS 

For best results certain precautions should be taken in observing astronomic 
sights, which will give additional accuracy. The observer is stationed on a vessel, 
which is pitching and rolling more or less at all times. This disturbs the observer 
and continually varies the height of eye. To eliminate the effect of this as much as 
practicable an observer should station himself near the centerline and amidships. 
When the vessel is pitching or rolling, each observation of a series should be marked 
at a moment when the effect is at a minimum and the vessel is on an even keel. 

Astronomic sights should not be observed from a station where the line of sight 
passes through or near the rigging, or near the masts, smokestack, ete:, because the 
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observer’s sense of verticality is impaired by the vision of nonvertical parts of the 
vessel. 

A sight should not be observed through the smoke or heat from the smokestack 
because of the abnormal refraction created by the heat. waves. 

A brisk breeze blowing in the observer’s eyes is very disturbing, and when he has 
to face the wind, every effort should be made to find shelter behind a wind deflector, 
mast, or other part of the ship, where the celestial body can still be observed. 

No attempt should be made to take the individual measurements of a set of observa- 
tions at regular intervals. Better results are obtained by marking each when the 
observer feels that it can be measured most accurately, regardless of the irregularity of 
the intervals between successive sights. 

E. RATING OBSERVATIONS 

At the time of observing and not later, each observer should rate each set of sights, 
according to his opinion, “‘excellent,” ‘‘good,” ‘fair,’ or “poor,” the rating being entered 
in the space provided on Form 719. This is a relative rating and is used later in giving 
weight to each line of position when determining the probable position. It does not 
matter if one observer’s rating is ‘‘good,”’ while another observer’s rating of the same 

star taken at the same time is only “fair.” In rating sights the following factors should 
be considered: | 

(1) The relative distinctness of the horizon below each star observed. 

(2) The disturbing effect of the roll and pitch of the vessel and its effect on the height of eye. 

(3) The direction of the wind and whether or not it is blowing into the observer’s eyes. 
(4) The rate of change in altitude of the star. 

(5) The relative distinctness of stars of different magnitudes. 

The observations may also be rated by using the altitude rate-of-change table, as 
described in 3385. The use of these ratings in determining the probable position is 
discussed in 3387. 

3385. Altitude Rate-of-Change Table 

In a given latitude, the rate of change of altitude of any celestial body is constant 
for a given azimuth. This fact may be utilized to compute tables or construct graphs 
from which the rate of change in altitude per minute or per second may be determined 
for any observation. 

The accuracy of sextant observations at sea depends on a number of variable 
factors, some of which are practically indeterminate. Some of these are the effect of 
the pitch and roll of the vessel, the effect of a breeze blowing in an observer’s eyes, the 
rapidity of change in altitude of the observed body, the distinctness of the horizon, and 
the experience of the observer. 

The accuracy of a series of observations on the same celestial body may be tested 
by the altitude rate-of-change table. If the differences between successive observed 
altitudes are compared with the mathematically correct differences in altitude for equal 
intervals of time, the discrepancies between the observed and the true values are an 
index of the accuracy of the observations. 

The data for the tables, or from which the graphs may be constructed, are found 
by means of either of the following formulas: 

Change in altitude=15 cos ¢ sin a 
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in which ¢=latitude and a=azimuth of body from the pole, and the resultant change 
in altitude is in minutes of are per minute of time, or seconds of are per second of time; or 

X=4 see ¢ Cos a 

in which Y = the number of minutes of time corresponding to 1° change in altitude, or 

similarly, the number of seconds of time for 1 minute change in altitude; ¢ and @ being 

as above. | 
A table prepared for each 5° azimuth and for two or three selected latitudes will be 

found satisfactory. The table may be entered by interpolation, or a graph for each 

latitude may be constructed with the azimuth for one argument and time for the other 

argument. 

The difference between any two consecutive observations of a series should rarely 
differ from the computed value by more than 15 seconds of are. 

The altitude rate-of-change table may be used to weight observations, for it is 
obvious that the more adverse most of the conditions of observation are, the greater 

will be the discrepancies between the observed and the computed differences. In 

addition to serving as a means of judging the relative quality of the observations, the 
use of the rate-of-change table will detect small accidental errors in the recorded times 

or the readings of the sextant. 
3386. Sun Sights 

When the sun is visible, observations should be made on it at least five different 

times during the day. The early morning and late afternoon sights should be taken 

preferably when the altitude of the sun is between 12° and 25°. The noon sight should 

be taken at local apparent noon and the mid-morning and mid-afternoon sights should 

be taken at times approximately halfway between the noon sight and the early morning 
and late afternoon sights. 

The meridian altitude sight at noon should be taken independently by at least 

three observers. Sights at the other four times should be taken independently by 
at least two observers although, of course, not necessarily at the same times. 

It is only when clear skies are prevalent that the sun sights can always be taken 
near the times desired. In stormy and overcast weather sights may be impossible, 

but in partly cloudy weather the observers must be on the watch to take advantage 
of the sun’s momentary appearance through a break in the clouds in order to obtain 

the sight as nearly as practicable at the time desired. The quality of the observation 

is probably more important than the time at which it is taken, and if a poor or only fair 

sight is obtained near the time desired but conditions are better some little time later, 

the sight should be repeated and the first observation rejected. 
The most valuable lines of position are those resulting from observations when the 

sun is on the prime vertical and the meridian. In certain latitudes and at certain seasons 

the sun is never on the prime vertical and at other times its altitude when near this 

azimuth is not appropriate for a sight. It is considered more important to observe the 
five sights at the times of day and altitudes prescribed above than it is to try to obtain 

sights when the sun is on the prime vertical. 

3387. Position From Star Sights 

Each observer’s morning and evening star sights shall be used independently to 

determine a probable position of the ship, after which the results should be compared 

and weighted if necessary and an official ship’s position adopted. The star sights of 
one observer should never be combined with those of others in determining positions. 
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For accurate determinations, observations taken by different observers, by different 

sextants, or at different times of the day, should never be combined to determine a 
probable position. 

When morning and evening star sights are taken from a vessel underway, the 

various sights of each observer must be run wp or run back by dead reckoning to a 
selected central position. 

Each observer’s sights should be plotted on a separate sheet and a ship’s position 
derived therefrom. Ordinary cross-section paper may be used for this purpose but 

polar coordinate paper is preferable. An arbitrary scale may be adopted which should 

be noted on each sheet used. A large enough scale should be chosen so that 1 nautical 

mile will be represented on the paper by at least 1 inch. In addition to the line of 

position, the dead-reckoning position for which the sights were computed, the run-up 

or run-back of each sight and the derived ship’s position should be clearly indicated. 

The rough copies on which the lines of position were originally plotted shall be trans- 
mitted to the Washington Office; smooth copies are not necessary. The dead-reckoning 

position, the adopted. position of the ship, and the lines of position after being run up 
or run back should be inked. The name of each star observed and its direction should 

be indicated alongside each line of position. The observed lines of position and the 

distance and direction each was run up should be left in pencil. 

Due -to the inherent inaccuracy of astronomic sights, the lines of position corrected 

for the run of the ship between sights will practically never intersect at a point. Three 

lines of position will form a triangle of error. The probable position of the ship derived 

from a series of morning or evening star sights is based on the assumption that there is 

some type of error common to all the sights, approximately equal in amount and in 

the same direction with reference to the stars observed. It is not especially necessary 
that the amount of this error be small, but for best results it must be symmetrical. In 
determining the most probable position of the ship the directions of the observed bodies 

must always be considered. For unweighted observations the probable position should 

be equidistant from the lines of position and should lie either toward or away from 

each star of the series; never away from some and toward others. 

There are two general methods which may be used to find the most probable position, and in a 

series of more than three or four sights a combination of these is preferable. The first method is to 

move all of the lines of position either away from or toward the objects observed by an equal distance 

to bring them as nearly as possible to a common intersection (see A and C in fig. 58). In practice, 

it is not necessary to move the lines of position. The probable position may be found with the use 

of dividers, merely visualizing the transfer of the lines of position, but in this operation one must be 

certain to adopt a position which is on the correct side of each line of position considered; that is, 

it must be either toward or away from each star of the series. 

The second method is to draw bisectrices between intersecting lines of position. Each bisectrix 

must be drawn so that it is either toward or away from the two objects observed. In a triangle of 

error formed by three lines of position the three bisectrices will intersect at a point, as in B, figure 58. 

For four lines of position from stars in four directions two bisectrices should be drawn, each between 

two opposite lines of position, as in D, figure 58. Where two opposite lines of position are from stars 

in the same direction, a mean line should first be drawn between them and this mean line and the 

other two lines treated as three lines and the bisectrices drawn as in B, figure 58. 

When more than four stars are observed in one series, the lines of position in the 

same general direction should be combined to reduce the data to not more than four 

lines of position. Assuming all observations to be of equal weight, the lines of position 
from two stars in the same general direction should be combined by drawing the 

bisectrix between them. From the figure of error thus formed the most probable 

position is determined as described above. (See £, fig. 58.) 
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Other things being equal, observations on north and south stars are likely to be 
more accurate than those on east and west stars, because of the more rapid rate of 
change in altitude of the latter (see 3384B). For this reason if more than four stars 
are observed it is preferable to combine lines of position to a resultant rectangular 

figure of error whose sides are roughly north-south and east-west. 

FIGURE 58.—Probable position of ship from stellar observations: A and C—by moving lines of position away from or toward the 

observed bodies by equal amounts. Band D—by the bisectrix method. H—by the bisectrix method when there are more 

than four observations. 

l=excellent 

2=good 2 

3=fair 

4=poor 

FIGURE 59.—Position from star sights, using a known figure oferror. A. Characteristic figure of error from past experience. B. Char- 

acteristic figure of error used to determine most probable position from only two star sights. C. Position if lines of position in 

opposite directions are weighted without taking into consideration characteristic figure of error. D. Position from same lines of 

position as in C, but taking into consideration the characteristic figure of error. Note that the position is actually nearer the good 

west line of position than the ercellent east one, and that it is almost equidistant from the north and south lines, although one is 

excellent and one only fair. 
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Repeated observations will disclose that each observer has a figure of error of 
characteristic shape and size, which is usually longer in one direction than in the other. 

This characteristic figure of error, once it has been determined for an observer, may be 

applied to one or two lines of position to derive a more probable position than would 
be otherwise possible (see A and B, fig. 59). 

Not all of the observations in any one series are of equal weight. They should be 
weighted according to the rates given as described in 3384E, and these weights taken 
into consideration in determining the most probable position. The treatment of 

weighted observations on stars in the same general direction is comparatively easy 
when they are combined by bisectrices to form one line of position. 

The use to be made of weighted observations in opposite directions is a matter of 
considerable judgment. If the observation on a north star is “excellent” and that on a 
south star is ‘poor,’ it is not necessarily a foregone conclusion that the most probable 
position is close to the line of position derived from the observation on the north star. 
In using weighted observations on stars in opposite directions, the characteristic figure 
of error of the observer must be taken into consideration. If the average size of this 

figure is 1 mile between the north and south lines of position, this same approximate 
distance should be expected whether the observations are of equal or unequal weight. 
(See C and D, fig. 59.) 

The weights of the different observations may be indicated on the plot by using 
a different colored ink for lines of position of different weights, or by writing the actual 
weight alongside each line of position. 

A. SELECTION OF STARS 

To compensate for certain errors and to obtain maximum accuracy, the celestial 
bodies to be observed should be selected so that the lines of position will plot in a sym- 
metrical quadrilateral. For best results the celestial bodies should be of about the 
same magnitude, differ by about 90° in azimuth, and be at approximately the same 

altitude. Theoretically, four stars should be selected approximately at the four inter- 
cardinal points, for their lines of position will plot in a rectangle and their altitudes will 
change at approximately the same rate. Such selection is seldom made in practice 
because most observers want to use Polaris as one of the stars and the others are 
selected with reference to it, with the result that the sides of the figure formed by the 

plotted lines of position are roughly north-south and east-west. 
It is important that stars of approximately equal magnitude be selected in order to 

equalize as nearly as practicable the observing conditions on all observations of a series. 
If a bright star is observed in a series with several fainter stars, the observations on the 
former may be more accurate but the result will be an unequal distribution of error 
when the mean position is determined (see 3384E). For the same reason neither a 
moon sight nor a sun sight should be combined with star sights; an additional reason 
is a different refraction if the altitude of the sun or moon is higher than that of the 
stars. An additional error may be introduced in the case of the sun by the use of a 
colored shade glass. 

The altitudes of the observed bodies must be kept within certain definite limits. 
Bodies at comparatively high altitudes are undesirable because of the difficulty of 
measuring the altitude in a truly vertical plane. Bodies at comparatively low altitudes 
are usually invisible when the horizon is bright enough for best observations and low 

altitude observations are subject to greater errors of refraction. The best results are 
usually obtained from observations on bodies at altitudes between 15° and 20°, but 
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altitudes between 10° and 35° may be considered satisfactory. The lower limit may 
be reduced in tropic latitudes, for good results have been obtained there with altitudes 

as low as 5°. In higher latitudes the lower limit may have to be increased if there is 

abnormal refraction. 
The group of celestial bodies selected need not be the same for all observers but no 

advantage is gained in using different ones. The tendency, at least in the evening, is 
for one observer to observe stars which have already been found by some other 

observer. 

When observations on bright stars or planets have to be combined with those on 

faint stars, comparable conditions may be approximated by observing the bright stars 
first, as soon as they become visible in the telescope in the evening. In the morning the 

sequence should be reversed, the faint stars bemg observed first and the bright ones 

later when they have dimmed somewhat. Observations should not be made when the 
horizon is indistinct, but better results can be obtained under such conditions by using 

a sextant equipped with a binocular telescope. Observations should never be made at 

night, using a moonlit horizon, because of the likelihood of a false horizon. 

B. STAR IDENTIFICATION 

An observer experienced in taking stellar observations should have no difficulty in 

identifying the principal stars in the heavens on a clear night, but an observer who has 

never taken such observations or who does so only at infrequent intervals must have 

some method of identifying the stars which he observes. Even one familiar with the 
heavens occasionally takes an observation on a star which he cannot identify, this 
occurring most frequently when most of the heavens is obscured by clouds and there 
is an insufficient pattern of stars visible in the vicinity of the one observed to make 

identification certain. 
As a matter of routine, beginners should always note the approximate azimuth of 

each observed star, and experienced observers should note the azimuths of any observed 
stars whose identification is doubtful. Observed stars may be identified visually, 

graphically, or by computation. H.O. Chart No. 2100 may be used for visual identi- 
fication. The pattern of the stars in any constellation or any section of the heavens 

compared with the same area on the star chart will disclose in most cases the identity 
of the star observed. Unfortunately, this chart includes only the brighter stars and a 
few of the fainter ones which form the patterns of the various constellations. 

Stars may be identified by computation, using H. O. Publication No. 127, Star 

Identification Tables, or the star identification table following each degree of latitude 
in H. O. Publication No. 214, Tables of Computed Altitude and Azimuth. Entering 

the tables with the observed altitude and azimuth of the celestial body, its hour angle 
and declination may be found. Interpolation by inspection will suffice. The hour 

angle is converted into right ascension, and with the declmation and right ascension 

the body may be identified in the Nautical Almanac. 
If no tables are available the right ascension and declination of an unidentified 

star can be computed by the formulas and methods given on page 187, Bowditch, 1938 

edition, under the heading ‘‘Star Identification.” 

The brighter stars may be identified by the use of the Rude Star Finder and 
Identifier, H. O. No. 2102a or H. O. No. 21026. The latter is based on the same 

principle as 2102a but the star chart and the templates are on a smaller scale and the 

results cannot be obtained as accurately as from 2102a. 
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Star finders and identifiers serve another purpose besides identification. At 

morning sights any star to be observed is readily visible and its altitude may be meas- 
ured and followed while waiting for the horizon to brighten sufficiently to take the 

observation. At evening sights the best results are obtained while the sky is so bright 
that the stars are difficult to find unless their approximate altitudes and azimuths are 

known. If certain stars are selected for observation in advance, their approximate 

altitudes and azimuths may be determined by the use of the star finders for given times 

Of observations. A table may be made of the stars expected to be observed, listing 

the predicted altitudes of each at 2- or 3-minute intervals throughout the period when 

each star will probably be observed. From this table the altitude of a star at any 
given instant may be found by interpolation and set on the sextant, and with the 
sextant pointed in the predicted direction the star should be found in the field of view. 

For greatest precision the construction of a special star chart is recommended, if 

it is expected that a large number of stellar observations will be taken in one latitude 
during a long period of time. This should preferably be an aluminum-mounted sheet 
on which all stars brighter than about magnitude 44 should be plotted according to 

right ascension and declination. The largest convenient scale should be used. To fit 
this chart, templates similar to those of the Rude Star Finder may be made by using 
the values from various nautical tables used to compute astronomic sights. For ex- 

ample, H. O. Publication Nos. 203 and 204, Sumner Line of Position, may be used. 
The required values may be plotted directly on the star chart, smooth curves drawn 

through them, and the results engraved on a celluloid template by tracing. Any one 

template will give correct values only for the latitude for which it is constructed, but 

for this latitude the altitude of any star should be predictable within at least 10 minutes 
of are. For most projects not more than two templates should be required. 

The center of the template should always be placed on the star chart at the latitude 

for which it was constructed. For other latitudes the predicted altitudes must be cor- 

rected for the difference between the latitude of observation and the latitude of the 

template. This correction is equal to the difference in minutes between the latitude 
of observation and the latitude of the template, multiplied by the cosine of the azimuth 

of the star measured in degrees from the elevated pole of the observer. This correction 

may be derived mathematically by using a table of natural cosines, as found in table 31 
of Bowditch, and a slide rule. The values of the corrections for differences of 30 

minutes or less may be found in the table entitled ‘Altitude Correction for D. R. 
Latitude” in the back of H. O. Publication No. 214. The proper sign to be used in 

applying the correction will be self-evident; where the latitude of observation is greater 
than the latitude of the template for a star north of the prime vertical, the correction 

is additive and for one south it is subtractive. 

C. DAYTIME OBSERVATIONS ON STARS AND PLANETS 

Although the stars and planets can rarely be seen with the naked eye during day- 
light, the brighter ones can frequently be observed by making use of their precomputed 

altitudes and azimuths to find them in the sextant (see B above). The planet Jupiter 

can frequently be observed in the daytime on an azimuth that will make a line of 
position from it cross advantageously with one from a sun sight. The planet Venus, 
when near quadrature, can be observed during the day, and a line of position from it 
will often serve the same purpose. Even Polaris, whose magnitude is only 2.1, has 

been observed during the daytime. Lines of position obtained from daytime observa- 
tions on stars and planets should be crossed with sun sights taken at the same approxi- 

465382—44——18 
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mate time in order to obtain a fixed position at the time of sight, when the lines of 
position intersect at angles greater than 45°. Otherwise they should be used as indi- 

vidual lines of position. 

34. HYDROGRAPHIC OPERATIONS 

341. PERSONNEL AND THEIR DUTIES 

The personnel required for various survey units has been briefly outlined in 142. 
The specific duties of the various personnel are described here, except for those personnel 

required only for the R.A.R. method of control, whose duties are described in 671. 
It is to be understood that the duties described under two different headings here 

may be performed by one person or by two persons, depending on conditions. 

3411. Supervision by the Chief of Party 

During the progress of the survey the Chief of Party is required to supervise 
closely the field work and to inspect frequently the boat sheets and Sounding Records. 
He shall assure himself, by personal inspection of the field operations when necessary, 

that all units in his party are carrying on such operations in accordance with the 

requirements contained in the various manuals and in the project instructions. 

The Chief of Party should examine each boat sheet daily, if practicable, paying 
particular attention to the adequacy and completeness of the survey with special 
reference to the determination of least depths on shoals, the location of and data 

relative to. rocks and dangers of all kinds, the least depths on and the extent of bars 

obstructing a fairway, and the development of all navigable channels. Each channel 
should be studied carefully from the soundings plotted on the boat sheet to ensure 

that the intensity of the soundings is sufficient to show the limits and navigable depth 

of the channel throughout its extent or to determine where additional hydrography 

is required. 
From this daily examination of the boat sheet the Chief of Party should indicate 

to the hydrographer where additional lines, more intense development, or any other 

data are required. Sounding Records and other recorded data should be examined 

occasionally to make sure that they are being kept in accordance with the requirements 

of the Hydrographic Manual and are complete and satisfactory in all respects. Only a 

general examination of the Sounding Records is required, the hydrographer in immediate 

charge being specifically responsible for the day-to-day examination and for the approval 

of each day’s recorded data (see 3246). 

When it is impracticable for the Chief of Party to examine the boat sheets daily 

because of the detached work of a unit, he should make his examination at as frequent 

intervals as practicable. 

Any general instructions sactioat to the hydrographer by the Chief of Party 

should be written in the Sounding Record and signed by the Chief of Party. 

The supervision by the Chief of Party during the season and a final inspection of 

the boat sheet when it has been completed must be in sufficient detail to ensure the 

final adequacy and completeness of the survey before the departure of the party from 

the working ground at the end of the season. 

The Chief of Party need not sign the Sounding Records, but in his approval of the 

survey (see 7941 and 8437) he shall include a statement as to the amount of personal 

supervision of the field work and as to the frequency with which he examined the boat 
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sheet. This approval shall serve as a general approval by the Chief of Party of the 
smooth sheet and all associated records which are forwarded as part of the survey data. 

3412. Officer-in-Charge 

The officer-in-charge of each survey unit is in charge of all survey operations of 
that unit, issues all of the neeessary orders, and is responsible for the adequacy and 

accuracy of the results; he is also responsible for the safety of the vessel, the personnel, 
the equipment, and the care which is taken of the equipment. 

Almost invariably the officer-in-charge plots the fixed positions on the boat sheet, 
issues the necessary orders to the helmsman, selects the objects to which the sextant 
angles are taken, and orders the intervals between successive positions and the intervals 
between soundings. ) 

In most cases of three-point fix control the officer-in-charge observes one of the 
angles, preferably the left. 

The officer-in-charge of a launch party, or a party where watches are not changed 
throughout the day, shall be responsible for the accuracy and adequacy of the data in 
the Sounding Record. He should train himself to hear subconsciously all soundings, 
angles, and other data which are called out and repeated, so as to know at all times the 
depths being obtained and whether the data being recorded are correct. At the end 
of each day’s work he shall approve the record for that day over his signature. . 

For hydrography on a survey ship operated on a watch basis, where the officer- 
in-charge of the bridge is relieved during the day, he shall be responsible for that part 
of the recorded data which occurred during his watch and shall approve that part of 
the record over his signature at the end of the watch. 

3413. Anglemen 

The anglemen observe the sextant angles for the fixed positions in three-point fix 
control. Usually the left angle is observed by the officer-in-charge. The right angle 
may be observed by the recorder but is most frequently observed by a junior officer. 
It is in this position that the junior officer acquires the knowledge and experience which 
permit him subsequently to serve as officer-in-charge. In addition to taking the right 
angle, the right angleman supervises the work of the recorder, keeping a constant check 
in order to ensure that all of the required data are recorded in the Sounding Record (see 
818). He also oversees the sounding operations and, when not otherwise engaged, 
keeps a lookout ahead when for any reason’ this is necessary. The special notes that 
should be entered in the ‘‘Remarks”’ column of the Sounding Record (see 815) are 
frequently given to the recorder by the right angleman. 

Two anglemen in addition to the officer-in-charge are generally required on a ship 
where the objects are distant or faint, or where survey buoys are used as control 
stations. 

3414. The Recorder 

The recorder keeps the official written record and notes of the hydrographic survey 
in the Sounding Record. He records the depths as reported by the leadsman or the 
fathometer attendant, the sextant angles observed by the two anglemen, or other control 
data, and all dead-reckoning data, with the respective times of the various events. 
He also records all pertinent notes in the ‘‘“Remarks’’ column (see 815). 

For more complete instructions as to the manner in which the Sounding Record 
shall be kept, see 811 to 816 inclusive. 
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After the regular intervals between soundings and between positions have been 
ordered by the officer-in-charge, the recorder is the one who sees to it that the soundings 
and positions are taken at the required intervals, so long as constant intervals are 

maintained. The recorder repeats aloud, for verification, all important data which 
are called out to him to be recorded. When a sounding is reported, which, by com- 

parison with previous soundings, appears to be possibly in error, the recorder must make 

a special point of having the leadsman or the fathometer attendant verify the depth 
which he is recording, and must indicate that the recorded depth has been verified by 

making a checkmark alongside it. The recorder must call to the attention of the 

officer-in-charge any unusual circumstances, such as a sudden unexpected deepening or 
shoaling in the soundings. 

It is the duty of the recorder, assisted by the leadsman, to verify the length and 
markings of the leadline against the standard each day before and after hydrography 
and to enter the results of the comparison in the Sounding Record (see 4622). It is his 

duty to see that the data are obtained and recorded which are required for the various 

standard rubber stamps used at the beginning and end of each day’s hydrography (see 

813 and 816). 

3415. Fathometer Attendant 

When surveying in deep water, using an echo-sounding instrument, the duties of 

the fathometer attendant and the recorder may frequently be combined, especially 
where the bottom is comparatively even, the depths are easily obtained, and the interval 

between the soundings is not too short. Generally, however, the fathometer attendant 
should have no other duties and should be free to devote his whole attention to the 

instrument so that the depth of the water is observed at all times and there will be as- 

surance that no shoals nor least depths go unnoticed. <A fathometer attendant with 

no other duties must be provided at the following times, regardless of whether the echo- 

sounding instrument is visual or graphic recording: when surveying in shoal and 
moderate depths, where the submarine relief 1s irregular, when the instrument requires 

frequent adjustment for optimum results, when readings are difficult to obtain, and for 

all echo sounding in launches. ; 

A regular sounding interval is ordered by the officer-in-charge. This is usually 
dictated by the scale of the survey and the speed of the vessel and finally by the number 
of soundings which can be shown legibly on the smooth sheet or which are required for 

an adequate representation of the bottom profile. Regardless of the regular interval, 

however, it is the duty of the fathometer attendant to note the shoalest and the deepest 
soundings, and in each case these shall be reported to the recorder and recorded if they 

differ by more than 5 percent of the depth from the general slope of the bottom between 

soundings at regular intervals (see 343), 

The fathometer attendant must be familiar with the adjustments of the echo- 
sounding instrument so that the best and most accurate results are obtained at all 

times. In case of operational difficulties with which he is incapable of coping, he should 

notify the officer-in-charge immediately. 

Where echo sounding is used in a survey it is assumed that a profile has been 

sounded along each line and that the instrument has operated and the fathometer 
attendant has observed it contmuously between recorded soundings. If for any reason 

the contrary is true, the fathometer attendant must notify the recorder and the 
proper entry must be made in the ‘‘Remarks”’ column of the Sounding Record. 



Paces 253 HYDROGRAPHY 3416 

3416. Leadsman 

In -handlead sounding the leadsman sownds when directed to do so by the recorder, 
measures the depth of the water with the leadline, and keeps a lookout over the sur- 

rounding water for shoals, discolorations, or other objects which may be of interest to 
the officer-in-charge. The leadsman must be a responsible person who takes his duties 

seriously and is interested in the results obtained. When sounding from a launch or 

small boat, the leadsman has a better point of view from which to scan the surrounding 

waters than any of the other personnnel, because of the elevation of his position. He 

should be the first to detect submerged rocks and shoals by sight. Even when the 
bottom is not visible the leadsman frequently knows in advance from the sinking of 

his lead that the water has shoaled, or deepened, even before he has obtained the 

sounding, and where this may indicate a possible danger to the survey vessel he should 
notify the officer-in-charge immediately. 

The leadsman usually has an assistant to haul in the leadline after each sounding. 
When the leadsman is directed by the recorder to determine the characteristic of the 

bottom, the assistant arms the lead. The intervals at which this is done are directed 

by the officer-in-charge. Between the times when the lead is armed, the leadsman 
should observe, by feeling with the lead, the relative hardness or softness of the bottom, 

notifying the recorder when any change is detected, and especially any indication of 
rocky bottom. On asurvey ship two leadsmen usually alternate at handlead sounding, 

relieving one another each hour, because a great effort is required to heave the lead 
as far as necessary and it should not be required of one man throughout a 4-hour watch. 

On a launch the coxswain and leadsman frequently alternate in heaving the lead, but 
if the leadsman’s assistant is experienced, he may alternate with the leadsman at their 
respective duties. 

3417. Coxswain 

The coxswain on a launch, or the helmsman on a ship, steers the vessel in accord- 

ance with orders issued by the officer-in-charge. Most sounding lines now are run by 

steering compass courses. The coxswain must repeat, for the purpose of verification, 

each order which is given him, and if the order given is for a change in course of a certain 
number of degrees, he should also report the course on which he steadies. In launch 
hydrography the coxswain also assists the officer-in-charge by keeping a lookout ahead 
when he can do so in addition to steering. 

Most changes in course are ordered by the officer-in-charge immediately after a 
fixed position has been plotted and the position of the vessel is known with reference to 
the proposed line. The coxswain or helmsman should quickly learn how soon after 

a fixed position he may expect the order to change course and he should be listening 
for such an order at this time and always be alert to comply with it in the shortest 

possible time. 

Ranges may be run in small-boat hydrography and in a small percentage of launch 
hydrography. A coxswain should be trained to keep the vessel on the range once it has 

been placed on the sounding line and headed in the correct direction, and he should be 
capable of selecting new objects as required for ranges on adjacent lines. (See 3142 
and 2453.) 

342. THE OPERATION OF SOUNDING 

There is no essential difference in the methods employed in sounding from a ship, 

launch, or small boat. Probably more than 99 percent of the soundings are now echo 
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soundings. The echo method has replaced the use of the wire and lead almost com- 
pletely and is rapidly replacing the handlead. Vertical direct measurements by both 
handlead and wire are still required for purposes of comparison. The handlead is still 

most effective for feeling over shoals and is used on launches or small boats when no 
echo-sounding apparatus is available. The sounding machine and wire, except for. 
comparisons, are used mostly in obtaining temperatures and water and bottom samples. 

3421. Handlead Sounding 

Handlead soundings are usually taken from a slowly moving vessel. They are 
practicable only in depths where the leadsman can heave the lead far enough ahead to 
obtain a vertical cast from a vessel proceeding at an economic speed. This depth limit 
will vary considerably, depending on the skill of the leadsman and the height of the 
sounding chair above the water. Under average conditions in small launches the limit 
will be approximately 10 fathoms and on ships and auxiliary vessels approximately 15 
fathoms, although an exceptional leadsman can obtain soundings in depths of 20 fath- 
oms. On ships and auxiliary vessels where the height of the sounding chair above the 
water is sufficient, the elevation and the stability permit the leadsman to throw the lead 
farther ahead than is practicable from lesser heights and from small launches and boats. 
The end of the leadline should always be made fast to the sounding chair. 

To obtain a sounding the leadsman stationed in a sounding chair heaves the lead 
far enough ahead to give it time to sink to the bottom just before the leadsman is over 
that point. A right-handed leadsman coils in his left hand as much line as must be 
heaved out to obtain a vertical cast. He grasps the line at the toggle with his right 
hand and swings the lead over his head in a vertical arc for one or two complete circles to 
give the lead sufficient momentum, releasing it at the bottom of one of the swings so 
that it is cast ahead in the direction of progress. As the lead is thrown ahead he pays 
out the coiled line in his left hand. When the lead strikes the water it begins to sink 
vertically, but the speed of the vessel is often greater than the rate the lead sinks, so | 
that the leadsman has to gather in the slack line as the vessel approaches the spot 
where the lead hit the water. If the proper amount of line has been thrown out the 

lead will have sunk to the bottom just before the vessel arrives over it. The leadsman 
then hauls the line taut and raises the lead slightly off the bottom to straighten the line 
and lead, lowering it again to touch the bottom just as the sounding chair comes verti- 
cally over the spot. Immediately after the depth has been measured the line is hauled 

in by an assistant, except in shallow depths, and coiled in readiness for the next sounding. 
From a rolling launch or small boat where the sounding chair is only a few feet 

above the water, the leadsman generally cannot swing the lead over his head; otherwise 

the procedure is the same. 
After a sounding has been obtained and the line is being hauled in, it trails aft 

along the side of the vessel. During this time the hydrographer must be careful in 
changing course not to risk fouling the leadline in the propeller. When a right-handed 

leadsman is sounding from the starboard sounding chair the course may be changed to 
the right with impunity, but changes of more than a few degrees to the left should be 
made with caution, until after the leadline has been hauled clear of the propeller. 

The leadsman should be trained to gage the probable depth from the soundings 

immediately preceding in order to heave out just the right length of leadline. Too 
much may be just as objectionable as too little. When sudden changes of depth are 
expected by the hydrographer, the leadsman should be warned and given an estimate 

of the amount of shoaling or deepening (see 3234). 
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When there are waves or swells the leadsman must be careful to allow for their 
height so that the reading of the leadline will give the depth from the mean water 
surface. ‘The leadline should always be read at the surface of the water. To read 
the handlead at night from a ship, a floodlight should be installed where it can be 

directed on the water below the sounding chair. The depth should never be obtained 
by subtracting the estimated height above the water of a leadline mark in the leadsman’s 

8] 

j | 
{ 

FIGURE 60.—Handlead sounding from launch. 

hand, or by subtracting the height of the deck of the sounding chair from the leadline 
reading at this point. 

The rate at which the lead on a leadline sinks when thrown from a moving boat 
varies according to its weight, its shape, and the skill with which it is thrown. An idea 

of this rate may be gained from the fact that an ordinary 10-pound lead used in sounding 

will reach bottom in 6 fathoms about 5 seconds after it strikes the surface. The same 
10-pound lead, dropped vertically from a stationary boat, will sink to the bottom in 6 
fathoms in about 3 seconds. 

Errors occur in leadline soundings when the leadline is not straight or the lead is 
not vertically below the leadsman when the depth is read. It is almost impossible to 
avoid a curve or underwater bight in the leadline when sounding in strong currents and 
there may be a similar error in soundings taken by inexperienced leadsmen in the absence 

of current (see 3464). 
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With the wire-core tiller rope now used for leadlines there is less likelihood of an 

appreciable error in the length of the line than there used to be. However, each lead- 
line used must be compared with standard marks before and after each day’s sounding 
and the results noted in the Sounding Record (see 4622). If errors are found in the 

length of the leadline the recorded soundings must be corrected for them when reduced 

(see 8221). 
3422. Wire Sounding 

To obtain a vertical wire sounding the ship or launch must be stopped while the 
wire is running out. In lesser depths the lead should not be released until the vessel is 
stationary in the water; in greater depths it may be released while the vessel has a 
slight headway. During the descent of the lead the vessel is maneuvered to keep the 

wire vertical until the lead strikes the bottom. In sounding from a launch, the launch 

proceeds ahead as soon as bottom has been reached and while the wire is is reeled 

in. In greater depths sounded from the ship the wire must be reeled in to within a few 

hundred fathoms of the surface before going ahead. 
From a launch the wire should not be allowed to run out at a rate exceeding 100 

fathoms per minute. From a ship it can be payed out at rates up to 150 fathoms per 

minute for about the first 1,500 fathoms, at rates not to exceed 100 fathoms per minute 

for the second 1,500 fathoms, and in greater depths at a rate not exceeding about 50 

fathoms per minute. At rates faster than these there will be danger of the wire jumping 
off the reel during the descent or when the lead strikes the bottom. When sounding in 
rough weather these rates must be decreased. The wire should never be reeled in at 

a rate faster than 100 fathoms per minute. 
Considerable skill and experience are required to operate the sounding machine, 

especially in letting the wire run out and in braking when the lead strikes bottom so 
that the wire will not jump off the reel and become entangled around the drum and 

shaft. For use in such accidents a stopper should always be kept available which can 

be attached to the wire to take the weight of the wire and lead while the snarled wire 
is being cleared. In extreme cases it is necessary to cut the wire to clear it, making a 
temporary splice in order to heave in the lead. When sounding in rocky bottom and in 
rough weather, particularly from a launch, it is almost inevitable that the wire will be 

parted occasionally and the lead lost. A supply of spare leads should always be kept 

on hand. 
In great depths, and when the sea is rough, it is often difficult to detect when the 

lead strikes bottom. If the wire is allowed to continue to run out after the lead strikes 

bottom, the wire is likely to kink and may then part when it is reeled in. 
On modern survey ships, sounding machines are installed on the bridge deck with 

the wire led outboard to a fair-lead at the end of a boom (see 4633). When soundings 

are taken with such an installation the ship can maneuver at will to keep the sounding 

wire vertical. To obtain a deep sounding the ship should be hove-to, headed into the 

wind, with the wind slightly on the bow over which the sounding wire leads. This 

will ensure, if the ship falls off the wind, that the wire will not lead under the ship’s 

bottom. With a twin-screw vessel no difficulty will be encountered in keeping the 
wire vertical. More skill is required with a single-screw vessel, but better results will 
be obtained by keeping the vessel heading nearly into the wind at all times. 

In addition to leeway there will often be surface currents which will affect the 
position of the ship but will not influence the lead after it has descended a few hundred 

fathoms. In such cases the ship may have to steam ahead continuously into the current 
or wind to keep the wire vertical. If, in spite of the care which is taken, the wire leads 
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at an angle when the lead strikes bottom, the ship should be maneuvered to bring the 

wire vertical and the lead should be raised off the bottom to permit the wire to straighten 
out, being subsequently dropped again in order to measure the depth. 

When taking vertical wire soundings the vessel must be stopped for each sound- 

ing and, in addition to the time of each sounding, the time interval run between soundings 
must be entered in the Sounding Record. The time at which the vessel starts ahead 
and the time at which it stops are recorded, but these times are not necessarily the times 
of the orders ‘‘to go ahead” and ‘‘to stop.’”’? The interval between them should equal 
the time which would have been required for the vessel to traverse the distance if it 

had been traveling at regular speed throughout the interval. The recorded time of 
going ahead should be the instant just before the vessel has attained a normal speed 
on course. The recorded time of stopping should be about midway between the time 
of the order to stop and the time the vessel is stationary in the water. 

Errors in wire soundings occur from the lead not being vertically under the ship 

and the wire not being straight. As stated above, the ship should be maneuvered 
until the wire is apparently vertical before reading the depth. However, too much 

reliance cannot be placed on the accuracy of such soundings, for the verticality of the 
wire below the surface is unknown and in some cases uncertain. 

3423. Echo Sounding 

In contrast with handlead and wire sounding, echo sounding is an indirect method 

of measuring the depths of the water. The soundings may be obtained while the 

vessel proceeds at full speed and, for the depths of which the apparatus is capable, 

the operation becomes principally one of navigation and position fixing. This method 
of obtaining soundings and the various instruments and their use are described in 

chapter 5. 
343. FREQUENCY OF SOUNDINGS (SOUNDING INTERVAL) 

The interval between successive soundings along a line is determined by the 

officer-in-charge, and depends on the depth of the water, the nature of the bottom, and 

the method used to obtain the soundings. In general, sounding intervals should be 

uniform between consecutive positions, but a uniform interval should not be rigidly 
adhered to when soundings taken at irregular intervals will better define the bottom 
profile. For convenience in plotting, a sounding should be taken at each position 
and at regular intervals of time and distance between consecutive positions. 

3431. Frequency of Leadline Soundings 

In an area of even bottom and regular slope, an interval between handlead sound- 

ings should be selected which will give the leadsman adequate time to obtain vertical 
soundings without undue haste in his operations. The distance between handlead 
soundings should never be so great as not to provide enough soundings according to 

7724. This distance interval may be altered by adjusting either the time interval 
between soundings or the speed of the vessel. Under normal conditions and at an 
appropriate sounding speed, the following time intervals will usually be found satis- 

factory for handlead soundings: 

DepthspundersZerabliomseee mess ee eee ee eee 15-second interval 

ID ejowlas iioven Y wo 2! sien ee ee eee eee 20-second interval 

Depthetroma: tov/Mathoms. mee 2) see eee 30-second interval 

IDeyoulnsy arora 7 ino) IO wenn. Ss Be Bee eee 40-second interval 

DepubspinromMel Oso morta thomse = ee see ue eee, cele o 1-minute interval 
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Shorter intervals are desirable to obtain a more accurate delineation of irregular 
submarine relief, as in channels or when crossing bars, reefs, and shoals. These inter- 

vals should be uniform between consecutive positions when practicable, but in depths 
of critical importance to navigation where the bottom is very irregular, the uniform 
intervals should be abandoned and soundings taken as rapidly as accurate vertical 
soundings can be obtained. When the uniform spacing is abandoned, the exact time 

at which each sounding is obtained must be noted in the Sounding Record. 

3432. Frequency of Wire Soundings 

Intervals between vertical wire soundings, with the survey vessel stopped, should 
not exceed one-half the distance between sounding lines. 

3433. Frequency of Echo Soundings 

In echo sounding, depths are measured continuously along each sounding line, 
but when the echo-sounding instrument is of the visual type, there is no permanent 
record of the profile except that provided by the recorded soundings in the Sounding 

Record. The fathometer attendant shall observe the depths registered on a visual 
instrument at all times and, except as provided in 3415, shall have no other duties 
which will prevent this attention. 

Where the depths are uniform or the slope is uniform, the maximum interval 
between recorded soundings shall be that which will provide soundings for the smooth 
sheet in accordance with 7724. Wherever the depth varies more than 5 percent from 
the uniform slope between the soundings at regular intervals, additional intermediate 
soundings must be recorded at their exact times. 

In areas of irregular submarine relief, too much importance must not be attached 
to the maintenance of a uniform interval. A uniform interval facilitates the plotting 
of the smooth sheet, but it is more important that the recorded soundings give a true 
representation of the irregularities of the profile. In such areas the least depths of 
all the irregularities must be recorded and between them the deepest depths, with as 
many intermediate soundings as are required to define the profile accurately. At 
least as many soundings must be recorded as can be shown on the smooth sheet (see 

7724). . Particular care shall be exercised to obtain and record at their proper times 
all the critical soundings, such as the least depths on shoals or other elevations of the 

bottom, and the maximum depths between these features and in troughs and valleys. 
Soundings must also be recorded at each abrupt change of slope of the bottom. 

When echo soundings are obtained with a graphic recorder, a permanent record 
of the profile is obtaired, from which the soundings for the smooth sheet shall be scaled. 
For the immediate use of the hydrographer during his survey at least as many soundings 
must be plotted on the boat sheet as are required to determine the adequacy of the 
survey and the areas which need additional development. These soundings may be 

recorded in a temporary Sounding Record or taken from the fathogram, at the discre- 
tion of the hydrographer. 

3434. Soundings at Wharves and in Docks 

Where there are wharves and docks within the area of a hydrographic survey, 
accurate sounding lines shall be run close to and along the outer faces of the wharves and 
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in the docks and slips. The lines and soundings should be referenced to the wharves and 
piers by measured distances using the method described in 3344, or a substitute there- 
for which will give comparably accurate results. Extra precaution should be taken 

that all soundings are vertical, are measured by pole or an accurate handlead, that the 
tide is accurately known, and that the position of each sounding is accurately known 

with reference to the wharf. The sounding lines and the soundings along the lines 
shall be as close together as practicable for this type of survey. 

In addition to any other lines which may be run, soundings shall be taken from 
the edges and faces of the piers and along the line likely to be occupied by the keels 
of vessels berthing there. These data in the vicinity of wharves and docks should be 
shown on subplans in accordance with 7751, wherever the scale of the regular survey 
of the area is too small to show the data adequately. 

344. THe OPERATION OF PosITION FIXING 

Although the depth of the water at any specific place may be measured with con- 
siderable accuracy, this knowledge is valueless unless the geographic position of the 
measured depth is known, or its position is referenced to adjacent land features. The 
operation of determining the horizontal position of a sounding or depth measurement 
is known as position fixing. ‘This is a procedure which must be repeated along the 

sounding line at sufficiently short intervals, depending on the scale and the spacing 
of the soundings and the lines. 

When practicable, fixed positions should be obtained at regular intervals and each 
position should coincide with a sounding to facilitate spacing and locating the inter- 
mediate soundings. This is not an essential requirement, however, and in certain 
kinds of hydrography is disregarded. Irregular intervals: may be necessary to comply 
with other requirements, and the difficulty of obtaining a position on a sounding may 
be greater than the inconvenience that is caused in the subsequent plotting of the 
soundings. 

The actual operations of position fixing by various methods are described in 

section 33 and the frequency with which positions should be obtained for each type of 
control is specified in 3313 and 6812. 

3441. A Sextant Fix 

The sequence of events that take place, and the orders and oral reports which are 

given may perhaps be better understood by the following consecutive relation. The 
relation is only continued through all of the events in connection with one three-point 
fix, but from this an understanding of the continuous operations which occur can be 
had. The time of the position is 10:00:00 and all of the data obtained are recorded in 
the Sounding Record as of this time; other times given below are merely to illustrate 
the approximate timing of the various activities in connection with obtaining that fix 
and sounding. It is assumed that a launch party is surveying with handlead and using 
three-point fix control. The officer-in-charge observes the left angle and there is a | 
right angleman in addition to the recorder. 

It must be understood that, in this case, all of the personnel are comparatively 
close to one another and that all orders, directions, and reports are made orally and can 
be heard by all concerned. The recorder, leadsman, and coxswain repeat all orders 
and the recorder 1epeats all data as he records them. In some cases signal bells may 
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be substituted, as for instance the recorder may use a bell, or a sounding clock with a 

bell, to indicate to the leadsman when to sound. 

9:59:45 RECORDER to anglemen: “Stand by!’ (The anglemen pick up their sextants, find the re- 

spective objects in their sextants, and keep their angles approximately on.) 

9:59:50 RECORDER to leadsman: ‘Sound!’ (This order may also be given by whistle, bell, or other 

signal. The recorder issues this order an appropriate number of seconds before the end of the time interval, 

depending on the depth, speed of the boat, and skill of the leadsman, so that the leadline will be vertical at 

the desired time. The leadsman swings the lead and heaves it out ahead of the boat. The lead sinks. 

The launch approaches the lead. The leadsman hauls in the slack leadline. The anglemen prepare to 

mark the angles.) 

10:00:00 RECORDER to anglemen: ‘“‘Mark!”’ (The leadline is vertical. The anglemen mark the 
angles. The leadsman reads the depthand...... ) i 

10:00:02 LEADSMAN to recorder: ‘‘Nine—eight.”’ (The recorder repeats and records 9.8 (fathoms). 

The leadsman’s assistant starts hauling in the leadline, and the leadsman coils it preparatory for the next 
sounding. The anglemen read their angles,and...... ) 

10:00:04 LEFT ANGLEMAN to recorder: “Sixty-seven fifteen.’ (The recorder repeats and records 

67° 15’. The officer-in-charge sets the left angle on the protractor.) 

10:00:08 RIGHT ANGLEMAN to recorder: ‘‘Forty-one oh-eight.”’ (The recorder repeats and records 

the right angle 41° O08’. The officer-in-charge sets the right angle on the protractor and plots the position. 

As he plots he announces the names of the stations used in the three-point fix.) : 

10:00:20 oF FICER-IN-CHARGE to recorder: ‘“‘The fix is BAT-FIG-OLD.” (The recorder repeats and 

records the names of the stations. After the position has been plotted the position number is frequently — 
verified. A change in course is ordered if necessary.) 

10:00:40 OF FICER-IN-CHARGE to corswain: “‘Right two degrees.”’ 

COXSWAIN (repeating): ‘““Right two degrees. The course is now three twenty-seven.” 

(The coxswain is now steering a course 2° to the right of the previous course. The recorder repeats and 

records the new course 327°. For a considerable change in course he also records the effective time.) 

3442. An R.A.R. Fix 

Hydrography is most complicated when the soundings are obtained by the echo 

method and the control is by R.A.R. The sequence of events that precede and 

follow one R.A.R. position and the approximate times at which these events occur on 

the average are given in the following relation. It is to be understood that the clock 
times preceding and following 10:00:00 are varied depending on the efficiency of the 

personnel, the distance from the R.A.R. stations, and the amount of difficulty experi- 

enced in interpreting and plotting the results. The time of the position is 10:00:00 

and all of the data obtained are recorded in the Records as of this time; other times 

given below are merely to illustrate the approximate timing of the various activities 

in connection with obtaining the fix and sounding at 10:00:00. 

The various operations in connection with obtaining an R.A.R. fix take place in 

different parts of the vessel; the bomber is located at a station on the quarter-deck; 
the radio technician and the chronograph attendant are stationed in the radio room or 

in adjacent rooms where they can communicate orally with one another; the other 

personnel are usually stationed on the bridge or in the chartroom adjacent thereto. 
The personnel at each of these stations can communicate with the other stations only 
by signal or by telephone, voice tube, or loudspeaker communication system. 

As in 3441 the sequence of events is only carried through one complete position, 

and it is to be understood that continuous soundings are obtained at regular intervals 
and the sequence of events described herein is repeated at each successive R.A.R. 

position during hydrography. 
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For a more detailed description of the duties of each of the various personnel, 
reference should be made to 671. 

9:59:00 CHRONOGRAPH ATTENDANT (or sometimes the bridge) (signals the bomber and notifies him 

the size of bomb to use). 

9:59:02 BOMBER (signals the chronograph attendant and the bridge simultaneously, acknowledging 

the signal and notifying them to expect an R.A.R. position on the next even time interval. The bomber 

prepares the bomb. The radio technician checks the tuning of the radio receiver). 

9:59:45 CHRONOGRAPH ATTENDANT (or sometimes the bridge) (signals the bomber to light the bomb. 

The bomber ignites the bomb, throws it overboard, and as it strikes the water ...... Ne 

10:00:00 BomBER (signals the bridge and the chronograph station simultaneously that the lighted 

bomb has been thrown overboard. This is the time of the fixed position. The fathometer attendant reads 

the depth and silences the oscillator, if sonic. The recorder notes the time and records it in the Sounding 

Record. The log is read and the log reading recorded in the Sounding Record. The chronograph attendant 

notes the tume and records it in the Bomb Record. The chronograph attendant switches the hydrophone 

into the chronograph circuit and starts the chronograph). 

10:00:02 FATHOMETER ATTENDANT to recorder (announcing the depth on position): ‘Thirty-six 

point five.” (The recorder repeats and records this depth 36.5 (fathoms). Soundings are continued at 

regular intervals throughout subsequent events.) 

- 10:00:10 The bomb explodes. The explosion records automatically on the chronograph tape. 

(The chronograph attendant marks the tape to identify this registration of the bomb explosion. He has 

noted the time interval in seconds between the “bomb over’ signal and the explosion and records this in the 

Bomb Record. The chronograph attendant switches the radio receiver into the chronograph circuit. The 

chronograph continues in operation and. . . . . .) 

10:00:19 The first radio signal is received from an R.A.R. station and records automatically 

on the chronograph tape. (This signal 7s followed by radio returns from the other R.A.R. stations which 

are within receptive distance. The chronograph attendant marks the tape to identify each radic return. 

After the last return has been received the chronograph is stopped, and the chronograph attendant takes the 

times of the returns from the tape and derives the time intervals, recording all data in the Bomb Record, 

ANG ere! hs") 

10:03:30 CHRONOGRAPH ATTENDANT (signals the bridge and reports) to the officer-in-charge: 

“Bomb at ten o’clock flat.”’ 

OFFICER-IN-CHARGE replies: ‘‘Position twenty-three at ten o’clock flat.”” (Chronograph 

attendant records the number of the position in the Bomb Record.) 

CHRONOGRAPH ATTENDANT to the officer-in-charge: ‘Position twenty-three: ESAU eight 

fifty-six; DAGO nineteen thirty-five; and GOBY twenty-seven ninety-seven.”’ (The officer-in-charge 

records the time intervals in the R.A.R. abstract and repeats them back to the chronograph attendant for verifi- 

cation. The officer-in-charge plots the position on the boat sheet by means of the R.A.R. distances, and 

orders a change in course if necessary.) 

10:05:00 OFFICER-IN-CHARGE to helmsman: ‘Right two degrees.”’ 

HELMSMAN (repeating): Right two degrees. The course is now three twenty-seven. 

(The recorder repeats and records in the Sounding Record the new course 327° and the time it was effective. 

The officer-in-charge issues any other pertinent orders.) 

7 

345. MISCELLANEOUS OPERATIONS 

There are various operations which occur at irregular intervals in running a 

sounding line that are discussed under the various subheadings. 

3451. Beginning of Sounding Line 

To start a sounding line the survey vessel is navigated by the most direct navigable 
route to the beginning of the proposed line, trial positions being taken as this point is 

approached and the vessel being turned to head approximately on the course of the 

proposed line at or astern of the desired starting point. The helmsman is told what 
course to steer, the recorder is told when to take the first position and sounding, and 
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if three-point fix control is used, the three objects to be observed are selected and 

agreed upon. 
Where the beginning of the proposed line is so close inshore that, for purposes of 

safety, it is necessary to start it from a standstill, that fact must be entered in the 

Sounding Record. A complete time record of the changing speed of the vessel must 
be kept, and another position fixed as soon as the vessel is traveling through the water 
at a standard and uniform speed. 

3452. Trial Positions 

A trial position is a position taken to determine the progress or course of the vessel, 
or its position relative to the proposed sounding line, but which is not recorded as a part 
of the official record. Such positions are, of course, frequently necessary before starting 

a line and often between lines. Their use should be unnecessary while running a sound- 
ing line. The purpose of taking positions is to enable the profile being sounded over to 
be plotted accurately. If the regular interval between positions is so long that the 
position of the vessel is so uncertain as to require a trial position, the regular interval 
should be reduced. If an intermediate or additional position is believed advisable to 
verify the vessel’s course or speed, it should be taken and recorded as a part of the official 

record. 
3453. Ranges and Distance Angles 

In surveying with the handlead, and at other times when an exceedingly slow speed 
is required, ranges will be found very useful, especially when there is a cross wind or 

current. Two shore objects separated by some distance should be selected for use as 
range marks to assist in running the proposed lines (if practicable, without unduly 

delaying the work). When a range is desired the correct point on the shoreline may 
be determined from the offshore end of the sounding line by measuring with the pro- 

tractor on the boat sheet the angle between some control station and the azimuth of 

the line being run. This angle is set on a sextant, and with the signal to which the 
angle was measured in view, a search may be made for a suitable object along the 
shore which may serve as a front range mark, the corresponding rear range mark being 

farther inland. 
Starting at the inshore end of a line the selection of a front object is easy but it is 

only after the vessel has advanced some distance offshore that a rear object can be 
selected to give the correct range. 

Distance angles may be used for the same purpose as ranges except that the result- 
ing lines will be flat curves instead of straight lines. Ranges used for systems of radiat- 
ing lines are described in 3142 and the use of distance angles is discussed in 3143. 

3454. Turns at Ends of Lines 

At the end of a sounding line, which is one of a system of parallel lines, the survey 
vessel turns and runs to the next proposed line. Most systems of sounding lines should 
be planned so that soundings are not required while the vessel is turning between adja- 
cent lines. The exact positions of such soundings are usually in doubt and there is less 
confusion if they are omitted. When soundings around turns are not recorded or are 
not intended to be used on the smooth sheet, a note should be entered in the ‘‘ Remarks” 
column of the Sounding Record opposite the last position of a line that the “ Line ends,” 
and opposite the first position of the next line a note should be entered that the “Line 
begins.” The expression ‘‘Line turns right” or ‘Line turns left’? should be entered 
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in the ‘‘Remarks” column only when a turn is made in a line of continuous soundings 
or when soundings are taken around the turn and recorded and their use on the smooth 
sheet is considered necessary by the officer-in-charge. (See also 3463.) Standard 
abbreviations for these expressions are given in 8111. 

As a sounding vessel approaches the shore, or other shoal water, a lookout must be 
kept ahead for rocks and other dangers, the hidnagutin and engineer must be ready to 
carry out orders promptly, and the anglemen must be standing by to take a fix before 
the vessel is stopped or turned. The course must not be maintained in order to obtain 
a position on the regular interval, if there is any chance of endangering the vessel. 

Where the space between adjacent lines is less than is needed to turn the vessel 
180°, alternate lines should bé run. The omitted lines can then be run by splitting each 
pair of alternate lines run originally. If this is not practicable, closely spaced lines can 
be run consecutively by making the turns in the following manner, if there is sufficient 
sea room. When the end of the line is reached, the vessel is first turned momentarily 
away from the direction of the desired turn and then the helm is put hard over for the 
desired turn. The amount to turn in the opposite direction will naturally vary with 
the spacing of the lines and the turning radius of the vessel. The same result can be 
attained by turning in the following manner. For a left turn, turn 90° left and run 
almost to the next line, then turn full right and come around 27 0°, easing the rudder 
enough in the middle a the turn so the vessel will be on the desired sounding line 
when the turn is completed. 

346. HANDLING THE SURVEY VESSEL WHILE SOUNDING 

The methods and precautions of handling survey vessels of various sizes from the 
largest ship to the smallest skiff are essentially the same, if allowance is made for the 
momentum which is proportional to size. In sounding, the first and most important 

consideration is always the safety of the vessel, and under no circumstances should a 
large vessel be utilized to survey in dangerous waters which can be more safely navigated 
by a smaller one. Where there is danger of grounding in examining shoal areas or 
surveying in areas where dangerous shoals are to be expected, a slow speed should be 
used and such work should always be performed on a rising tide, preferably just after 
low water, in order that the vessel, if it grounds accidentally, may be more easily floated. 
(See also 1581 and 361.) a 

In handlead and wire sounding the vessel must always be maneuvered so as to 
avoid the risk of getting the leadline or wire in the propeller (see 3421). Using echo 
sounding the handling of the vessel becomes principally a matter of navigation and 
seamanship. Further information on handling a vessel when it is necessary to stop to 
obtain wire soundings is given in 3422. 

3461. Sounding Speed 

For handlead sounding from either a ship or a launch, the maximum speed practi- 
cable is approximately 5 knots. When sounding in moderate depths of water from a 
launch the average practicable speed is about 3% knots. The correct speed under any 
conditions may be readily determined and is limited by the following two factors: 
First, the speed must be’slow enough so that all handlead soundings are vertical; and 

second, it must be slow enough so that the spacing between adjacent soundings is 
adequate for defining the profile along that sounding line. When sounding with the 
handlead, the speed must be decreased when running with a fair current in order to 
avoid excessively large sounding intervals and overrunning the leadline. 
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Most modern survey launches are capable of operating steadily at speeds sufficiently 

slow for handlead sounding. When the slowest speed at which a launch will operate 
satisfactorily is still too fast for handlead sounding, funnel-shaped canvas drags will be 
found an efficient means of slowing the launch to the desired speed. They may be 
towed astern by a simple arrangement of lines to adjust the amount of effective drag 
or to spill them when desired to make them noneffective. They may also be used to 
obtain a shorter turning radius than is normal for the launch and to assist in stopping 
for wire soundings in order to reduce wear on the clutch. For temporary use, if canvas 

drags are not available, one or two buckets can be substituted to obtain the same results. 
Echo soundings may be taken at any practical rate of speed. A vessel using echo 

sounding should be operated at a standard speed which is efficient as to accomplish- 

ments and is economic as to fuel consumption. The standard speed must be reduced 
in areas where dangers are suspected or where there is danger of grounding. When 
the interval between fixed positions cannot be shortened, the speed must be reduced 

so that the proposed sounding lines can be followed reasonably well and there will be 

no uncertainty in the positions of the intermediate soundings. 

When soundings are obtained between fixed positions a uniform speed of the sound- 
ing vessel must be maintained between consecutive positions so that the intermediate 

soundings may be spaced with reasonable accuracy. Changes in speed should be made 

only at the times of fixed positions, and an additional position should be taken for this 
purpose, if necessary, as when approaching the shore or when a dangerous shoal area is 

encountered unexpectedly. In such cases the launch may have to be turned, stopped, 
or backed instantly and a fix should be obtained at the time this occurs. If it cannot 
be obtained, the time must be noted. 

The time and amount of any change in speed must be entered in the Sounding 

Record whether or not a position is obtained, the amount being noted in the “Remarks” 

column. 

The construction and use of graphic speed scales in hydrography are described 

in 4826. 
3462. Following Proposed Lines 

In hydrography, an effort should always be made to follow the proposed lines as 
indicated on the boat sheet (see 3241). 

The greatest care should be taken to make the actual sounding line coincide with 
the proposed line when the lines are parallel to the coast and, when a position plots off 

such a line, to return to it as soon as practicable. For other lines comcidence is not as 

essential as is uniformity in spacing over the entire area. In many cases, if a position 

plots some little distance off the proposed line, it may be desirable:to change course only 
enough to parallel the latter and then to shift the entire system of future lines to agree 

with those actually run. (See also 3141.) 
Where the use of ranges or distance angles is impracticable, the sounding vessel is 

kept on, or as near as practicable to, the proposed line bysmail changes in course made 

after cach fixed position has been plotted and the relation of the vessel’s position to the 
proposed sounding line has been determined. It is only after considerable experience 

has been gained that this can be done quickly and by the correct amount. By the 

time the data are available on which to base the amount of the change, the vessel has 
moved beyond the plotted position and this fact must be taken into consideration in 

judging the amount of change necessary to bring the sounding vessel back on the line. 
When the positions are fixed by strong three-point fixes, the plotting of which con- 
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sumes only a small part of the total time interval between positions, the problem is 

comparatively easy. As the three-point fixes become weaker and there is less reliability 
in the plotted positions, and as their plotting requires a larger proportion of the total 

time interval, it is increasingly difficult to judge whether to make a change in course and, 

if so, how much. 

In R.A.R. the problem is more complex. The position data are usually not avail- 
able until 4 or 5 minutes after each position and, if the position plots off the line, by 

the time this is known, the vessel may be much farther off the line if on an erroneous 

course. Added to this is the fact that the R.A.R. method of control is often not 
sufficiently precise for the relation between two consecutive positions to be used with 

assurance for this purpose. The hydrographer must be an expert judge of dead reckon- 

ing to decide whether or not to trust the R.A.R. data for this purpose. (See 6824.) 

3463. Changes in Course and Turns 

If practicable, a fixed position should be obtained at each change in course greater 

than 10°, and the effective time of all turns must be entered in the Sounding Record. 

For most survey scales a turn of 90° or less by a small launch may be assumed 
to occur instantaneously and need not be plotted as a curve. For a ship, a change in 

course greater than 10° should be plotted as a curve to represent as nearly as practicable 

the actual track followed, taking into account the turning radius of the vessel and the 
time spent in the turn. In such cases the times of starting and completing the turn 
must be entered in the Sounding Record. 

A large vessel has considerable momentum and does not start to turn until some 

time after the rudder has been moved. This tendency of a large vessel to maintain 
its original course must be taken into account in plotting the vessel’s track around 

turns. When the turning radius of the vessel is known, the curved track around a 

turn should be plotted backwards from the fix, or position of the vessel, after the com- 

pletion of the turn. There will then be a gap between the beginning of the turn and 

the position before the turn which should be connected by a straight line. The mo- 
mentum of the vessel makes the component of distance traveled in the direction of the 

original course roughly twice as great as that traveled in the direction of the new course. 
(See also 7682.) 

The turning radius of each survey vessel at sounding speed should be determined 
and the amount should be noted in the Descriptive Report of each survey sheet (see 

842C). The turning radius may be determined by plotting at a large scale successive 
strong three-point fixes observed as rapidly as practicable, the various movements of 

the steering wheel being correlated therewith. 
For dead-reckoning or R.A.R. controlled hydrography on large scales the following 

method may be used to determine the relative position of the ship before and after a 

turn: A large paper carton or wooden box, or similar object, is thrown overboard at the 

beginning of the turn and the time noted. It is kept in view until the ship has c¢m- 

pleted the turn and steadied on the new course when the time is again recorded and the 
bearing of the carton is observed by pelorus and its distance is determined by a 

depression angle. 
3464. Sounding in Currents 

It has been, definitely established that neither handlead nor wire soundings can be 

accurately obtained or located when the sounding lines are run across or against strong 
currents. The measured depths will be invariably greater than the true depths, the 

error being in direct proportion to the strength of the current and increasing greatly 
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with the depth. It is assumed that a bight is formed in the leadline by the current 
acting on the submerged portion of the line and the lead, so that when the line appar- 
ently leads vertically down from the leadsman’s hand the lead is actually slightly down- 
stream and the bight of the submerged portion of the line is still farther downstream. 

The force of the current puts a strain on the bight so that the leadsman is deceived into 
believing he is getting a vertical cast. 

To eliminate such discrepancies, Wenig handlead sounding should be done only 
at slack water or from a boat drifting or running slowly with the current. Crosslines 
or lines nearly normal to the channel should be run only at slack water and lines in 
the direction of the current always run with it. 

A similar type of error can be introduced in handlead sounding in strong currents 
by the leadsman permitting the lead to remain on the bottom for a short interval 

before reading the depth. In such cases the leadsman should be instructed to read 
the depth the instant the lead touches bottom. When searching for least depths in 
an area where current prevails, the lead must be rapidly lifted off the bottom and 
dropped until the least depth has been found. The lead must not be allowed to remain 
on the bottom appreciably because the current will form a bight in the leadline to 
indicate a depth greater than the actual depth. 

Echo soundings are not affected in the above manner; and, when practicable, this 
method of sounding should be used in areas where strong currents prevail, both because 
errors in verticality are eliminated and a faster speed and better control of the survey 
vessel may be maintained. 

Another error may be introduced when sounding in strong currents that affects 
the spacing of soundings between positions and thus is applicable whether the sound- 
ings are handlead, wire, or echo. If a launch used in running sounding lines across a 
channel where there is a strong current is kept on line by the use of ranges, progress 
along the line will not be at a uniform rate of speed due to the varying strength of the 
current at various places in the river or channel. In the strongest current the progress 

across the current is slowed because the vessel must be headed into it more to counter- 
act its effect. On the contrary, this force will diminish near the edges of the channel 
and there will be some places where there is no current at all. Insofar as practicable, 

fixes should be taken at short enough intervals and at places where the strength of the 
current changes so that the correct spacing of the intermediate soundings will seldom 
be in doubt. If this is impracticable, such crosslines should be run at slack water. 

Varying currents are found in the vicinity of shoals and rapidly changing depths. 
Even far offshore these erratic currents make the running of the proposed lines difficult. 
This is especially true where a sounding line crosses the edge of a shoal area where 
currents of different velocities or directions are found. Sometimes there is visual evi- 

dence of such a change in the current, but frequently the evidence is not pronounced 
or sufficiently noticeable to give warning of its presence. An experienced hydrographer 
will suspect the presence of such currents from the submarine relief, and an attempt 

should be made to anticipate their effect on the track of the vessel. It is often prac- 
ticable to make a change in course which will at least partly counteract the effect of 
the current before evidence of its effect has been given by the consecutive plotted posi- 
tions. In localities where strong currents of this nature are apt to be encountered, 
especially if the spacing of the lines is comparatively close, the greatest. difficulty is 
experienced in running the proposed lines accurately enough to avoid the necessity 
for splits. 
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When the effect of such a current has not been foreseen in time and the plotted 
position of the vessel is found to be considerably off line, with a trend which will take it 
farther yet from the line, it is sometimes advisable to make an S-shaped change in course 
to put the survey vessel back on the proposed sounding line. This maneuver is the 
same for a large survey ship as for a launch, except that it can be more quickly effected 
in the case of a launch. Assuming that the position of the vessel has plotted con- 

‘siderably to the left of the proposed line, as soon as this fact is known, the rudder is 
put full right to make a change in course not exceeding 90° for the estimated time 
necessary to maneuver back nearly to the line, when the rudder is put full left to resume 
the original course, or rather a new course a few degrees to the right of the original one. 

The length of time to run on the turn can be determined only by experience. In 
a launch which turns quickly a run actually normal to the proposed line may be made. 
In the case of a large survey ship the momentum of the ship prevents such a quick turn ° 
and during the entire maneuver the ship is usually turning first to the right and then 

to the left without having been steadied on any intermediate course. The times of 
the various parts of the maneuver must be recorded accurately so that the actual 
track of the vessel may be plotted on the smooth sheet. When three-point sextant 
fixes are being used, a fix should be obtained just before the maneuver is begun and 
just after the vessel is steadied on the new course, if practicable. 

3465. Keeping a Lookout 

When surveying in areas where dangers to the survey vessel may be encountered, 
a sharp lookout must be kept at all times. In handlead sounding from a launch an 

adequate lookout can be kept by the leadsman, the coxswain, and the junior officer 
when the last is not otherwise engaged. On a survey ship and a launch taking echo 
soundings, a man whose sole duty it is to keep a lookout shall be stationed in the most 
strategic position whenever the vessel is surveying in an area where unexpected shoals 
or dangers may be encountered. In some regions, especially where the bottom is 

coral, a lookout stationed aloft on a survey ship or at the greatest practicable elevation 
on a launch will be able to detect shoaling by the appearance of the water and, in addi- 

tion to warning the officer-in-charge of possible danger, will often sight shoals abeam 
which would otherwise be missed on the regular system of lines. (See also 361 and 3623.) 

38 ADEQUACY OF HYDROGRAPHIC SURVEY 

In general, to be adequate the survey of any region should be sufficiently intense 
and complete to determine the depths and the character of the bottom and to locate 

all dangers and other features that should be charted for the guidance of the mariner. 
The adequacy of a survey has a direct relation to the scale of the sheet on which it is 
plotted—it is obvious that a completely adequate survey cannot be made on a scale too 
small to plot the lines and soundings at the spacing required for a thorough develop- 
ment of the area. In certain circumstances the Chief of Party has the authority to 
increase the scale of a survey on his own initiative, and where he does not have this 
authority he should not hesitate to recommend for the approval of the Washington 

Office a larger scale of any area, when considered desirable (see 1214 and 123). 

351. A Basic SuRVEY 

Hydrographic surveys may be classified as basic, revision, special, and reconnais- 
sance. The project instructions will specify which is required. 
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A basic survey is fundamental; it must be so complete and thorough that it does not 
need to be supplemented by other surveys, and it must be adequate to supersede, for 
charting purposes, all prior hydrographic surveys of the area, except for some few fea- 

tures which may be retained from the old survey (see 9343 and 9344). It must be 
adequately controlled by the best practicable means in current use; it must be suffi- 
ciently intense to discover and determine the least depths on all dangers to navigation; 
it must verify or disprove beyond question all dangers, critical depths, and other features 
important to navigation appearing on the charts or prior surveys; it must develop sub- 

marine features of importance in navigation; and it must provide sufficient permanent 

control so that future revision surveys will require the establishment of a minimum of 
additional control. 

It need not cover channels and other inshore areas, recently surveyed adequately 
on as large or a larger scale by a surveying organization such as the United States 

Corps of Engineers, provided that survey is adequately controlled and can be correlated 
with the basic survey and a satisfactory agreement of depths is obtained at the junction 

of the surveys. 
The project instructions will specify any features of pror surveys that need not’ 

be verified or disproved, or superseded, as for example, bottom characteristics (3842) , 

least depths found by prior wire-drag surveys (3523), ete. 

352. PREVIOUSLY KNOWN DANGERS AND SHOAL SOUNDINGS 

All previously known or reported dangers and shoal soundings must be proved or 

disproved by the hydrographic survey unless the project instructions specify otherwise. 
The prior surveys and the published charts covering the project area shall be scrutinized 
for such features. The Descriptive Report shall contain a statement that a thorough 
comparison has been made and that the new survey is adequate to supersede com- 

pletely the old data if such is the case (see 842L). When a danger or shoal indication 

shown on a chart, survey sheet, or publication is not found during the current survey, 

the examination must b thorough enough to disprove positively its existence, and the 

reco ds must show the kind of an examination made and its duration, and the Deserip- 
tive Report must state why the danger is believed to be disproved; otherwise no. 

pr< viously reported danger can be removed from any publication. (See 842N.) 

Where a shoa’ is discovered during the new survey close to a previously known one, 

sufficient examination must be made to determine definitely whether the new feature 

is a separate shoal, an extension of the original one, or a more accurate location of the 
original one. ; 

3521. Verification of Prior Hydrographic Surveys 

A sufficient examination must be made to prove or disprove the existence of every 

danger, shoal sounding, shoal indication, bare rock, and wreck on prior surveys within 
the project area. It is not sufficient merely to verify their existence; their positions, the 

least depths on the submerged features, and the elevations of the exposed ones must be 
determined. It should be borne in mind that many prior surveys were made during a 
period of evolution of both field and office practices. Field methods were frequently 

below present standards and control was sometimes insufficient, making coordination 

with new well-controlled surveys difficult. 

Where the existence of a feature is disproved, or where the examination is not 

considered adequate to disprove its existence, the Descriptive Report must contain a 

full explanation and a recommendation for dispositien of the previous data. If the 
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new survey finds a minimum depth on a submerged feature which is greater than that 

shown on the prior survey, the Descriptive Report must explain the discrepancy and 

contain a positive recommendation by the hydrographer as to which depth should be 
used for charting and why (see 842). 

The depth curves and all critical soundings should be transferred in red to the boat 
sheet from copies of the prior surveys (see 3234). This will afford a comparison with 

the prior surveys as the new survey progresses, and will also avoid the possibility of 
overlooking soundings which should be investigated. The curves are helpful as a warn- 
ing of the general depths to be expected and, if sounding is by handlead, the leadsman 

can be warned when to expect deeper or shoaler depths so that he will not miss sound- 
ings that would have to be supplied later. 

Where the general depths on a new survey differ consistently from those on prior 

surveys, or the least depths on shoals disagree similarly, a report should be made to 

the Washington Office and instructions should be requested before extensive field 
examinations are made to determine the reason. When such a discrepancy is known, 
an examination of the records in the Office may disclose a reason for it which will 
preclude the necessity for further extensive examination. 

3522. Verification of Charted Features 

The published charts are based on the surveys of this Bureau but in addition they 
incorporate information from a variety of sources, such as surveys of other organiza: 

tions, reports of vessels grounding, reports of shoal soundings taken by vessels in 
transit, and reports of breakers. Many of these may be of doubtful accuracy and 
reliability, but as a matter of safe policy they must be added to the charts. 

After all data which need verification have been transferred from the prior surveys 
to the boat sheet, the latter must be compared with the largest-scale charts of the latest 

date of the area, and any ‘additional similar data must be transferred to it from the 

charts (see 3235). These data require the same examinations and reports as are re- 
quired for features originating with prior surveys (see 3521). Unless charted data 

from sources other than the prior surveys are quickly verified, the Washington Office 
should be consulted regarding the facts of their origin. The records will often disclose 
the reliability of the charted data; and if unreliable, whether the depth or the position 
is most likely to be in doubt and if-the latter, how much. 

The old surveys did not receive the close examination and review in the Washing- 
ton Office that surveys of today receive, and it will be found occasionally that erroneous 
interpretation or application of the original data was made when they were applied 
to the charts. 

3523. Prior Wire-Drag Surveys 

Where an adequate wire-drag survey has been made in a nonchangeable area, the 
dangers, shoals, and the least depths originating with the wire-drag survey need not 
be verified unless this is specifically called for in the project instructions. Ordinarily, 

the dangers and shoals originating with an adequate wire-drag survey may be con- 
sidered final and adequate for charting without further investigation, except in a 

changeable area. Obstructions and dangers to navigation, however, may have been 
removed. 

If the wire-drag survey is in an area of considerable importance to navigation the 

hydrographer must consult with the United States Corps of Engineers to learn whether 

any of the dangers and obstructions have been removed by blasting or dredging. If 
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so, a new least depth on each of those so affected must be obtained from that agency or 
a hydrographic examination made to determine it. Rocks and obstructions supposed 
to have been removed by blasting should be wire-dragged, if possible, to ensure that 

they have been removed in their entirety, unless they have been properly dragged 
after removal by the agency responsible for the removal. 

353. Depra CURVES 

Depth curves are indispensable for interpreting and examining a hydrographic 
survey. There is no better gage of its completeness, adequacy, and accuracy than the 
ability to draw closely spaced depth curves with an assurance that the submarine relief 
is accurately depicted. The depth curves should be drawn on the boat sheet by the 
hydrographer as the work progresses, and a careful interpretation of the data will disclose 

where the lines have not been spaced closely enough, where additional development is 
required, and where errors have been made which require investigation. 

An adequate representation of the submarine relief by depth curves is a problem 
similar to the representation of land topography by contours, except that the topog- 
rapher has the opportunity to examine visually the topography of the area whereas 
the hydrographer has only the measured depths as his guide. The hydrographer should 
make a study of the characteristic bottom forms, as such forms usually repeat them- 
selves in the same region and in similar regions. 

Abnormal or improbable depth curves are strong evidence of inaccuracies, inade- 
quacies, or possible errors in the hydrographic survey or the inking of the soundings, 
and where they result from the data, the soundings and positions should be carefully 
scrutinized. On extensive coastal shelves, such as exist on the Atlantic and Gulf 

Coasts of the United States, the depth curves are generally smooth and regular because 
the bottom forms are the results of wave or tidal current action on the loose materials 
generally found on the bottom. On the continental slopes, however, in depths greater 
than about 100 fathoms, the bottom forms are generally similar to those found on land. 
In general, an interval of 25 fathoms between depth curves is adequate for the conti- 

nental slopes and the deeper waters off the Pacific and Alaska Coasts. (See 3533.) 
To draw closely spaced depth curves carefully and accurately requires the inspec- 

tion and consideration of each sounding not only once but often several times, whereas 
in sketching widely spaced depth curves many of the intermediate soundings may not 
be considered at all and important indications may be overlooked. 

In this respect some topographic experience is a great asset as is also the ability 
to recognize predominating physiographic shapes from preliminary sketched depth 
curves. The ability to represent submarine relief by means of depth curves is acquired 
only by intensive training and practice and by study of similar work which has been 

done by an experienced hydrographer. 
Depth curves ordinarily cannot cross or run abruptly into each other. On ap- 

proaching one another they tend toward parallelism. In general, the information 
from sounding lines should be sufficient to permit the delineation of continuous curves. 
Special care must be exercised to avoid excessive spacing of the sounding lines where 

their direction is parallel to the depth curves. 

3531. Similarity of Submarine Relief to Adjacent Land 

A study of the nature of the land adjacent to the project area is often helpful in 
developing the depth curves. The submarine relief is likely to be similar to the adjacent 
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land topography, and reference should be made to any well-contoured topographic 
sheets of the area. (See also 355.) 

3532. The Low-Water Line 

The low-water line is the depth curve of zero depth. Its position is best deter- 

mined by the hydrographic survey. In areas where it is practicable and can be done 
without endangering the personnel or the equipment, the low-water line and the adja- 

cent offshore depth curves shall be completely and adequately defined by lines of hy- 
drography run over the area at high tide which, when reduced to the sounding datum, 
will define the low-water line. The survey shall be planned so that the sounding lines 
closest inshore may be run at or near high tide and when the sea is calm. (See 3121 
and 3122.) 

Where for any reason, it is impracticable to define the low-water line by soundings, 
it should be delineated from the topographic survey (see 754). 

3533. Depth-Curve Interval 

No single requirement for the spacing of depth curves can be prescribed to apply to 
all regions. In an area of steep slopes and irregular submarine relief it is considered 
sound practice to draw all the curves that the scale of the boat sheet will permit. Such 
a close spacing of the depth curves is obviously not required in areas of gently sloping 
bottom with practically no irregularities, such as exist off the Gulf Coast. A good _ 
general rule is that the depth curves should be drawn so far as practicable according 
to the following intervals: 

At 1-fathom intervals to 10 fathoms. 

At 5-fathom intervals in depths between 10 and 50 fathoms. 

At 10-fathom intervals in depths between 50 and 100 fathoms. 

At 25-fathom intervals in depths greater than 100 fathoms. 

On steep slopes it will frequently be impracticable to draw the depth curves at 
these intervals and a larger interval may be selected. (See also 7761.) 

354. ADEQUACY OF THE GENERAL SYSTEM OF LINES 

The spacing of the systematic sounding lines of the survey is not intended to be 

close enough to pass directly over the shoalest part of any danger, but it is expected 
that the spacing will be close enough to give at least an indication of every danger and 

permit the accurate delineation of the depth curves, except for unexpected irregularities 

of the bottom. | 
The Chief of Party should not hesitate to decrease the sounding-line spacing pre- 

scribed in the project instructions, if this appears desirable, in portions of the general 

area, in areas where the nature of the adjacent topography indicates the possibility of 

hidden dangers, where ships are likely to approach the land as in anchorages, and off 
projecting points and promontories. It is especially important to do this in previously 
unsurveyed regions where sufficient data may not have been available as a basis for 
the spacing specified in the project instructions. 

Where the spacing is generally adequate, it should be split in areas of unusual 
bottom irregularity, over extensive shoal areas, and where the sounding lines run have 
diverged so far from the proposed ones as to give a spacing one-third greater than the 
instructions call for. Splits should also be run where the depth curves parallel the 

direction of the sounding lines and the spacing is inadequate to fix them accurately 
in position. 
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The specified system of sounding lines is based on an expected type of submarine 

topography and where tnexpected irregularities are disclosed the spacing must be 
reduced in these areas. 

Harbors and anchorages are ordinarily surveyed at larger scales and with a closer 

spacing of sounding lines than is specified for the general area. Additional sounding 

lines shall be run in any bight or indentation in the coast in which a vessel might an- 
chor, even though a larger scale is not specified nor is deemed necessary by the Chief 
of Party. 

3541. Holidays 

No holidays should be left in the hydrographic survey. A holiday is not likely 

to occur within the area of systematic sounding lines on one survey sheet but it may 
occur at junctions with prior surveys, at junctions between surveys on different scales 

or by different sounding units, and sometimes where a change is made in the spacing 
of the lines. Before leaving the working ground, and in the case of buoys before re- 
moving them from their positions, the Chief of Party must assure himself that no 
holidays have been left in the project area which might necessitate a return to the area 
or the reestablishment of expensive control. 

3542. Missed Soundings 

No bottom leadline soundings are not satisfactory and if they cannot be avoided 

in important areas, definite measured depths must be obtained later. Where such 

soundings occur near the outer limits of an area due to the general depths being too 

great for the method of measurement, the area surveyed on the adjacent sheet by other 
methods must overlap to a junction with definite soundings. 

Echo soundings are sometimes missed because the apparatus is not functioning 

properly or because the conditions prevent the echo from being received. In important 

areas where soundings are missed because of improper functioning of the apparatus, 
the line should be repeated at a later time and additional soundings taken. In other 
cases they need not be repeated except where consecutive misses along a sounding line 

create a gap longer than the space between adjacent lines. 
In deep water, when the apparatus is functioning properly and no echo can be heard, 

one additional attempt shall be made to obtain the soundings at a later date, and if this 
is not successful, the area may be omitted if of not too great an extent. If of large 
extent, wire soundings should be taken. 

Each time that echo soundings are missed the reason therefor shall be stated in the 

“Remarks” column of the Sounding Record. 

When the echo-sounding apparatus intended for use in deep water repeatedly 

fails in such depths the Washington Office shall be notified in a report containing all 

the facts and the supposed reasons therefor. 

355. DEVELOPMENT 

A greut responsibility rests on the modern hydrographer. Vessels of great size 
and value aavigate areas with a minimum depth of water under their keels, trusting 
implicitly in the charts to avoid dangers. The possibility of the loss of or damage to 

a vessel by striking some uncharted danger must always be borne in mind by the 
hydrographer. It is only by a close spacing of soundings and sounding lines and a 
thorough examination of all irregularities of the bottom that there can be any reasonable 

assurance of the completeness of a survey. 
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The general system of sounding lines is intended to cover the area systematically 
and determine the general depths. The spacing of the lines and soundings should be 

close enough so that at least an indication of every shoal or danger is given. Extensive 
experience is not required in the mechanical operation of running systematic sounding 
lines, but it must not be assumed that the general system of lines will adequately 
survey an area. The development of the indications furnished by the general system 

is always the most important part of the work and frequently the most extensive. 

The extent and kind of development needed in a region is often disclosed by a 
study of the adjacent land forms. For example, in certain water areas along the New 
England Coast, sunken boulders, corresponding to those that dot the fields along the 

shore, are found in great numbers, while in southeast Alaska the sharp mountain 

peaks, that are so noticeable while cruising along the coast, are duplicated under 

water as submerged pinnacle rocks, often rising from great depths to within a few feet 

of the surface. On the South Atlantic Coast of the United States the low even sandy 
coasts give assurance that dangers, such as rocks and reefs, do not exist, but here it 

will be found that, corresponding to the constant movement of the sand dunes along 
the shore under the effect of the wind, there are frequent changes in the bottom due 
to the action of waves and currents. 

A mountain range, or ridge, gradually decreasing in elevation to a rocky point at 

the shore, is likely to be extended into the water in the form of a submarine ridge or a 
series of shoals. Near the axis of a chain of islands, submerged features of a similar. 

nature are likely to exist. ; 
For the adequate development of these indications and such features as channels, 

anchorages, and areas inside the 10-fathom curve, modifications of the methods used in 

the systematic survey are often required to secure a complete and economic develop- 
ment of the features. 

Development must be distinguished from examination. Development is to ensure 
that there are no dangers in the area, to provide for the accurate delineation of the depth 

curves, and to locate the positions of existing dangers. Development is not expected 
to furnish the least depths on dangers and shoals; these are obtained by examination 
(see 366). 

The extent of the development will vary from a maximum on shoal areas in impor- 
tant locations and in channels and ‘anchorages having depths near the draft of vessels 
to be accommodated, to a minimum on extensive shoal flats, over which navigation 

is not expected, and in clear areas of much greater depth than required for navigation. 
(See also 367 and 368.) 

Shallow channels and navigable waters that are likely to be used by shallow-draft 
vessels or motorboats must likewise be developed. 

In regions where changes are continually taking place, development ordinarily 
need not be so detailed as in regions of little change. 

The development of all shoal indications is one of the most essential details of 

hydrographic surveying. In order that all soundings indicative of possible shoals may 
be noted, close cooperation between the hydrographer, the recorder, and the leadsman 
or fathometer attendant is essential. Shoals should be developed by a closely spaced 

system of crosslines to determine the positions of the least depths at which a marker 

buoy may often be anchored as a guide in the subsequent examination (see 3665). 
Where irregularity in depth is disclosed during the survey or where it may be 

expected from the rocky nature or formation of the coast, the slightest indication of a 

danger or shoal must be thoroughly developed. The narrow tongue of a shoal either 
465382—44—19 
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isolated or extending from a reef or point of land may exist between two lines of sound- 

ings, even though these are closely spaced. A few crosslines in such places will con- 

siderably diminish the chance of missing such an extension. 
Particular attention must be paid to the areas within the 10-fathom curve where 

the closest development is especially necessary. 

Extensive development may often be avoided if an area can be examined with the 

wire drag (see 3663). 

356. RANGES, BEARINGS, AND SAILING LINES 

In the project area all useful ranges, bearings, and other marks for clearing dangers 

or passing close by them shall be noted. Ranges which are established by the United 
States Coast Guard, and ranges, sailing lines, and courses which are recommended by the 
hydrographer must be closely sounded over. One line of soundings shall be run along 
the centerlines of channels and along ranges and recommended courses, and this line 

shall be paralleled by one or more lines closely adjacent on each side of the centerline. 
Where bars exist at the entrances to rivers these shall be sounded over thoroughly, and 
the best course across them determined and sounded over as specified above. (See 

also 3833.) 
In areas where there is little navigation and consequently few established aids to 

navigation, leading and clearing lines are especially valuable to the mariner, and the 

hydrographer should be constantly alert to select and recommend any that may be of 
value. One of the most essential requirements for such marks is that they should be 

readily recognized by a stranger from the given description. The two range marks 

which indicate the leading or clearing line should be a considerable horizontal distance 

apart so that the range will be quite sensitive, but rear range marks which are high or 
very distant should be avoided as they may often be obscured in hazy or cloudy weather. 

All ranges, bearings, courses, etc., recommended for use by the hydrographer shall 

be described in the Descriptive Reports and shown on the sheets in accordance with 

7845 and 8420. 
In the project area all prominent natural objects and natural ranges that may be 

useful in determining deviations of ship magnetic compasses and in verifying gyro- 
compasses shall be located and the azimuths of the ranges determined. 

The Chief of Party shall determine such azimuths from piers and wharves to 
prominent natural objects, as are desired locally for use in setting gyrocompasses in the 
true meridian. The Chief of Party shall inquire at each navy yard, naval establish- 
ment, and commercial shipyard, and of each compass adjuster operating in the area, if 

these are desired, and from which places. He shall cooperate by determining these and 

shall report the results directly to the interested person or establishment. The results 

need not be sent to the Washington Office, but mention of what was done should be 

included in the season’s report. 

357. CROSSLINES 

Crosslines are intended to disclose discrepancies resulting from the use of a faulty 

plane of reference; discrepancies produced by surveying in unusual conditions of wind, 
sea, and current; a temporary operational fault in the sounding apparatus; inadequacy 

or weakness in the control; and incorrect reduction of the records. (See 7771.) 
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Crosslines shall be run for the purpose of verifying the accuracy of the survey and 

the control under the following conditions: 

(a) Alllaunch and small-boat hydrography shall be verified by crosslines to the extent of 8 to 10 

percent of the principal system of lines exclusive of development. 

(b) All ship hydrography in the Gulf of Mexico, on the Atlantic Continental Shelf south of Cape 

Cod, and in other areas of fairly regular bottom shall be verified by crosslines to the extent of 5 to 6 

percent of the principal system of lines exclusive of development. 

(c) In all areas where the control is so weak as to prevent the drawing of the depth curves with 

confidence, the principal system of lines shall be supplemented by crosslines to the extent of 8 to 10 

percent, to aid in adjusting the principal system of lines. 

(d) Except as specified in (c), crosslines need not be run in areas of ship hydrography in compara- 

tively irregular submarine relief because in such areas they are of very little value for checking 

purposes. 

Crosslines need not be run normal to the principal system of lines. Any angle of 
crossing of 45° or greater may be considered satisfactory. Crosslines should be planned 
to obtain a uniform distribution as economically as practicable. When practicable, 

crosslines should be run under conditions of tide, wind, and weather different from 

those obtaining when the principal system of lines was run and using different control. 
Crosslines should never be run prior to the completion of the main system of 

sounding lines since the purpose of the crosslines is to check the principal lines. 

3571. Discrepancies at Crossings 

Discrepancies at crossings may be systematic or accidental. They should be recog- 

nized as evidence of some fault in the apparatus, method, or record, requiring a study 

to discover its source and to indicate the most probable correction—possibly a re- 

examination in the field. If the study does not result in an actual correction of one of 
the lines it may plainly show good reason for the rejection of one and consequently 
warrant the adoption of the other. 

The allowable discrepancies in depths in any given area should be based on the 

amount of horizontal displacement corresponding to the differences in depth, rather 

than a percentage of the depth. In comparatively even bottom a difference of 2 or 3 

feet may be excessive because of the lateral displacement of the depth curve. On the 
other hand, in areas of more irregular bottom, a difference of several fathoms may be 

readily allowable since this may not affect the position of the depth curve appreciably. 
It must be borne in mind that a discrepancy at a crossing may be due to either a differ- 

ence in soundings or an error in horizontal position. In any study of discrepancies 

this fact must be taken into consideration. In general, in the lesser depths the differ- 
ences at crossings should average not more than 5 percent of the depth and in greater 
depths not more than 2 percent of the depth. When an examination of the data does 

not disclose a reasonable explanation of differences greater than these nor a method of 
adjusting them with confidence, the work should be revised in the field. (See also 7771.) 

36. DANGERS AND SHOALS 

A hydrographic survey may not be considered complete and adequate until there 
is reasonable assurance that all dangers to navigation and shoals existing in the area 
have been found and the least depths on them determined. 
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361. DANGER OF SURVEYING SHOALS 

The survey of dangers and shoals is one of the most important phases of hydro- 
graphic surveying, but it is also by far the most dangerous, and where this constitutes 
a considerable portion of the work the hydrographer must beware of an overconfidence 
which may lead him to take unnecessary risks with the survey vessel. Whether a 

search is being made, a least depth being determined, or the existence of a reported 
shoal being disproved, there is always the danger that the survey vessel may strike or 
ground and be damaged or sunk with possible loss of life. 

In the survey of dangers and shoals, then, the hydrographer must always be alert 
to the potential danger. Areas where shoals are known or suspected to exist should be 

surveyed from launches to where a junction can be made safely from the survey ship. 
The ship should not be endangered just because a launch is not available at the time. 
Whatever vessel is used to survey in the vicinity of a potential danger, it must be run 
at a conservative slow speed whenever there is risk of striking bottom or grounding. 

Safe passing distances cannot be prescribed for survey ships, or launches, when 
surveying in the vicinity of a danger, because of the great variety of conditions and 
circumstances which may arise. Each case must be decided on its own merits by the 
Commanding Officer, or the hydrographer, who may be expected to have gained suf- 
ficient experience to exercise his own judgment. In general, shoals must be surveyed 
and developed, but property and life should not be unnecessarily risked to do so. No 
vessel should ever be endangered when the duty can be adequately performed from a 
smaller one; no potential danger should be approached or surveyed from a ship when 

a launch can be used; and no launch should be risked when a whaleboat or pulling 
boat can be used. 

When surveying a potentially dangerous area from a launch the same precautions 

should be taken as when surveying in the vicinity of one from a ship (see 1581). 
When surveying in the vicinity of a known danger or shoal, the hydrographer 

must beware of overconfidence arising from the fact that he has a position of it plotted 

on his sheet and that a previous depth was obtained on it. He must not endanger his 
vessel by surveying too close to a danger, trusting to the fact that the position of the 

vessel plots at what is apparently a safe distance from it. Any one of a number of 
factors, or a combination of them, may endanger the survey vessel, although the 

hydrographer believes he is keeping well clear of the danger. 
Before approaching or surveying in the vicinity of a potential danger, the hydrog- 

rapher should review all the facts and make a careful study of all depth curves and all 
previous soundings in the vicinity and take into account all possibilities. Some of 
the factors that may contribute to a vessel being endangered when in the vicinity of a 

known shoal are the following: 

(a) Although the danger is visible, other submerged dangers may be in the immediate vicinity. 

(b) Although a danger has been previously reported as visible, or indicated by breakers, tide rips, 

or kelp, it may not be visible at the time approached, owing to a difference in tide, current, or sea. 

(c) There is likely to be less water than the least depth previously reported. 

(d) Abnormal currents are likely to be found in the vicinity of a shoal, which may set the survey 

vessel toward the danger between fixed positions. 

(e) The known position may be in error; the danger may have been charted from a report, from 

a reconnaissance survey, or from a survey controlled by less accurate methods than are now available. 

(f) The position may have been transferred wrong, due to an error in plotting, a change in 

datum, or a misinterpretation of the data. 
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(g) Although the position of the danger is correctly shown on the boat sheet, the positions of the 

survey vessel may not be relatively correct, due to distortion of the boat sheet, weak control, inac- 

curately located or plotted control, weak three-point fixes, etc. 

(h) A different method of control, or plotting, may make relative differences between the plotted 

positions of the vessel and the position of the shoal; such as R.A.R. versus three-point fix control, 

buoy control versus control from distant mountain peaks, plotting by czrcles versus three-point fixes. 

(7) A combination of small errors and inaccuracies may assume a magnitude sufficient to prove 

serious when surveying in close proximity to a danger—errors such as small errors in sextant angles, 

small protractor errors, small errors in the plotted control, distortion in the boat sheet, the inherent 

limitations of a small scale. 

362. SoURCES OF EVIDENCE 

The existence of dangers and shoals is disclosed by four generally different 

procedures: 

(a) Through indications obtained during the systematic survey. 

(b) Through local reports. 

(c) By the shoal itself, or evidence of it, being seen. 

(d) By the examination of air photographs. 

As such indications are discovered, their probable locations should be noted on the 

boat sheet for further examination to determine their limits and the least depths over 

them (see 3242). 
3621. Evidence From the Survey 

The spacing of the systematic sounding lines and the intervals between soundings 

along the line are selected with a view to giving at least an indication of the dangers 

and shoals within the area. It must not be assumed that the least depth will thus be 
determined in any case. In fact, it is extremely unlikely that any line of soundings 
will pass directly over the shallowest. part of a shoal so that the least water will be 
obtained at that time. It is, however, expected that some indication of the existence 
of a shoal will be shown on the nearest line or lines. Such an indication will occur as 

a break in the continuity of the slope of the bottom. A more positive evidence of the 
existence of a shoal is found where two adjacent lines of soundings each contain similar 
indications. Splits should be run to determine its extent more accurately. 

Where a sounding is obtained on one of the regular lines which shows even a slight 

change from the average depth it should be regarded as a possible indication of a shoal. 

Where such indications occur a very careful and thorough development of the area 
shall be made to locate more accurately the probable position of the least depth regard- 
less of any prearranged system of lines. The indications obtained which require further 
investigation should be marked in red on the boat sheet by the hydrographer or the 
Chief of Party to indicate whether additional splits only are required or an investiga- 
tion is necessary. This decision as to the number of split lines or the amount of devel- 
opment or investigation required is a particularly important one requiring extensive 
experience in hydrography. The Chief of Party is finally responsible for the thorough- 

ness of the survey. 
Rocky bottom being felt by the leadsman in an area of predominantly mud or 

sand bottom is an indication requiring examination. 
The hydrographer or the Chief of Party must examine the boat sheet periodically 

with the utmost care and select the soundings requiring further attention. In many 
localities it is out of the question to examine every shoal indication, nor is this required. 
In making the selection the importance of the locality and the types of shoals or dangers 
to be expected must be considered. 
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In the selection, hydrographers should be guided by the following considerations: 

(a) In general depths of 10 fathoms or less in a navigable area, all indications should be examined. 

(6) All shoal indications rising more than 10 percent from the general depth should be ex- 

amined. 

(c) The nature of the bottom should be considered. If it is rocky there is more likelihood of a 

dangerous shoal and consequently it is more important that all indications be examined. If the bottom 

is of sand or mud it is probable that the least depth may already have been determined or at any rate 

there is little likelihood of the existence of an important danger or shoal. 

(d) The importance of the region from the point of view of navigation should be considered. Ina 

channel, harbor, or area frequently navigated every slightest indication must be examined; whereas 

in a region little frequented for navigation the number of indications to be examined may be somewhat 

reduced. 

3622. Local Reports of Shoals 

In all project areas pilots, fishermen, mariners, yachtsmen, local authorities, and 
others with local krowledge should be consulted freely for the purpose of collecting 
hydrographic information, and all reports of rocks, dangers, or shoals must be investi- 

eated. In the past the results of such contacts have been very fruitful. Most of the 

rocks and dangers known to such local authorities are already charted, but frequently 

the existence of a new rock previously uncharted will be disclosed. Most of the au- 

thorities mentioned above, except fishermen, do not know the exact locations of such 

shoals or the exact depths on them. 

When practicable, fishermen or others should be requested to guide the hydrographer 

to the uncharted shoals which they know. If this is impracticable, an attempt should 

be made to verify the information from several sources before an extensive search 

for the shoal is made. It is sometimes difficult to obtain any, or at least exact, position 

information from fishermen, because they are not willing to divulge the locations 

of the uncharted shoals which they know. 

3623. Visual Discovery of Shoals and Dangers 

Where the water is clear, as in the Tropics, under favorable conditions practically 

all dangers to navigation may be discovered by keeping close watch on both sides of the 
vessel during the survey. In addition, dangers and shoals may be disclosed by external 

evidence such as kelp, flocks of gulls, schools of fish, riffles, eddies, upwelling, heaping 

up of the swell, and breakers. 

The most favorable conditions for the discovery of shoals by sight are a very 

clear sky, a calm transparent sea, and a high sun. If the sea surface is not entirely 
calm, in order to avoid being bothered by the surface ripples, the area should be searched 

to leeward. The sun should be high above the horizon, preferably higher than 45°, 

and should be kept at one’s back. Under certain conditions the sun may be reflected 

from the surface of the water in a way to dazzle and prevent the observer from seeing 

through the surface. 

The observer should station himself at as high an elevation as practicabie, preferably 
in the crow’s nest. 

If the water is sufficiently clear, shoals and dangers may be readily detected 
in shoal depths from a coloration differing from that of the surrounding bottom. 

Rocks, especially if covered with seaweed, appear brown; coral heads and sand shoals 

appear whitish or light green. Surface reefs and reefs almost awash appear to be 

yellowish brown from a little distance away. Coral heads covered by about 2 fathoms 
appear a light bright green, and shoals in depths as great as 8 fathoms appear blue 

green in contrast with the indigo of the deeper surrounding depths. 
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a. From eddies.—Eddies are produced by a current being disturbed in its progress 

by ashoal. It should be noted that the mark of the eddy is always downstream from 
an isolated shoal, the distance depending on the depth of the water and the velocity of 

the current. Likewise, eddies are more marked the stronger the current and the greater 

the difference in depth between the shoal and the surrounding bottom. Dangers aad 
shoals are best detected from their eddies during the last of the ebb or the first of the 
flood tide. 

b. From kelp.—Where k lp grows it is one of the best indications of dangers because 
it is generally associated with rocky bottom. The value of kelp in this respect is 
described on page 2, Alaska Coast Pilot, Part II. Each isolated growth of kelp, even a 

FIGURE 61.—Taking sextant angles from an elevated station. 
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single stalk, must be investigated. In addition to the usual data a statement should 

be made in the Record as to the value of the kelp for marking the spot; whether the 

kelp is visible at all stages of tide and at what distances, or whether it tows under so 

as to be nearly invisible at times. (See also 7864.) 

Thick extensive beds of kelp, especially those bordering the shores, through which 

it is not practicable to navigate, need not be thoroughly surveyed nor examined. 

The outer limit of the area must be defined by fixes and soundings, and a few widely 
spaced lines or scattered detached soundings should be taken throughout the area to 
give an idea of the general depth. The area should be outlined on the sheet by symbol 
and contain the legend “heavy kelp, not navigable, not thoroughly surveyed’’ (see 

also 367). 

c. From fish and gulls—Schools of fish are habitually found in the vicinity of 
shoals. In ocean areas, where a shoal might exist, a school of fish seen near the surface 
in one location should be considered evidence of a shoal and be noted for future inves- 

tigation. Likewise, flocks of gulls, which feed on the fish, are similar evidence when 

they are seen circling over and feeding in one logality. 

3624. Evidence From Air Photographs 

Air photographs of water areas being surveyed often furnish valuable information 
to the hydrographer. Any variation in the general appearance on the photograph of 
water areas may mean a difference in depth or character of bottom important enough 
to be shown on the hydrographic sheet. Such differences in appearance have resulted, 
upon investigation, in the detection of dangerous sunken rocks between sounding lines 
previously considered adequate to furnish indications of such dangers. Occasionally, 
as in flat white sand bottom with numerous patches of grass, the differences appearing 
in the photographs may be too complicated and unimportant to warrant investigation 

in detail. 
Small spots, scratches, or changes in tone which appear on only one photograph 

may be due to defects in manipulation or materials of the photographic process. But 
if a similar difference in the same locality appears in each of two or more overlapping 
photographs, it is practically certain to indicate differences in bottom or currents. 
Unless the water is muddy or the water surface too rough, air photographs will show 
the pattern of shoals or channels in depths to approximately 2 fathoms, and under the 
most favorable conditions, to much greater depths. A careful study of the photo- 
graphs of a surveyed area will enable the hydrographer to interpret photographs of 

similar areas. The indications may vary with the locality from darker rocks or vegeta- 

tion on shoals in generally lighter colored bottom, to light colored rocks projecting 

above darker general depths. 
The surface of the water as photographed may also indicate areas requiring inves- 

tigation. Tide rips, swirls, breakers, differences in a regular wave pattern, slicks, and 
kelp may at times be more readily detected on the air photographs with their elevated 

view than from the surface. 
The spots selected for investigation may usually be transferred to the boat sheet 

by one of the methods described in 2394(B) for transferring supplemental stations 
from photographs. This advance information is particularly valuable if the hydrog- 

rapher happens to sound in that vicinity when the sea is unusually calm. On boat 
sheets prepared from photographic surveys (see 7333), the limits of shoals and channels 
are indicated by fine dash lines. These are useful in planning the system of sounding 

lines and development of the area. 
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If it becomes practicable to have air photographs taken especially to supplement 
the hydrography, the following conditions are the most favorable: sun behind the 
camera at an elevation of 40° to 60°, clear sky, sea calm or rough enough to cause 
breakers, and low tide. 

363. Bare Rocks anp Rocks AwaAsH 

Each isolated bare rock and rock awash within the project area, must be located 
and its height determined by the hydrographer, unless this has been done by the topog- 
rapher, in which case the hydrographer must verify the data. (See also 782.) The 

important rocks of a group or rocky area should likewise be located and determined in 
elevation. 

Where it is practicable to land on such features the location should be determined 
by a strong three-point fix taken at the rock. Otherwise the rock may be cut in from 
successive positions of the boat, selected so as to-give strong intersections at the rock, 
or may be located by sextant positions taken from the boat when in range with the rock 
and control stations bearing in several directions. 

The height of each rock above the water must be determined as accurately as 
practicable and the time noted and entered in the Sounding Record, together with the 
height, for use in reducing the elevation to the plane of reference. If a landing can be 
made and the sea is calm, the height of a bare rock can be best measured on a staff 
whose lower end is held at the water’s edge, the height being noted on the staff by lining 

it in with the horizon with the eye at the top of the rock. If it is not practicable’ 
to land on the rock the height should be estimated as accurately as possible from a 
position nearby. 

The data relative to bare rocks and rocks awash originating with the hydrographic 
survey and the topographic survey must be in agreement or be supplemental; any 
discrepancies between the two surveys must be reconciled before the party leaves the 
working ground at the end of the season. (See also 3244, 381, and 753.) 

Where a rock that has been adequately located by the topographer is passed on 

a sounding line, a note of this fact shall be entered in the ‘““Remarks’’ column of the 
Sounding Record with an estimated distance when the rock is abeam. It should be 
made clear that these data are not to be used to locate the rock but merely as verifica- 
tion of its existence. Where such a feature is passed close-to without a reference to it, 
doubt may arise in some circumstances as to whether it actually exists. (See 3353.) 

If air photographs of the area are available they should be carefully examined for 
evidence of bare rocks and rocks awash and compared with the ESTEE Sen and 
topographic survey sheets. (See 3624.) 

If bare rocks or rocks awash shown on prior surveys or on published charts are 
found to be nonexistent, or in different locations, or with different elevations, a full 

explanation shall be included in the Descriptive Report, with a recommendation as to 
the charting procedure to be followed. 

364. SUNKEN Rocks AND BREAKERS 

Where the existence of a sunken rock or other danger is evidenced by breakers and 
it is impracticable to locate it by a three-point fix or to obtain a sounding on the spot, 
it must be located by cuts from nearby positions of the sounding boat chosen to form 
a good intersection at the object, and the depth must be estimated. A statement 
should be made in the Sounding Record as to the probable accuracy of the estimated 
depth, together with the time of the observation. 

465382—44 20 
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The conditions under which an area breaks must be noted, at what stage of the 
tide, and under what conditions of the sea. The distance at which the break is usually 
visible should also be noted. 

Where sunken rocks exist inside a generally foul area they may be symbolized 

without location so long as the outline of the foul area is accurately located (see 
also 367). 

365. WRECKS AND OBSTRUCTIONS 

All wrecks and obstructions not afloat should be located and as complete informa- 

tion as practicable furnished. Whether the wreck is totally submerged, visible at all 

stages of the tide, or visible at some stage of the tide, should be stated and any visible 
parts of the wreck should be described. 

When large pieces of floating wreckage, logs, or other debris, menacing to naviga- 

tion, are sighted in areas where such obstructions are not commonly encountered, they 

should be reported immediately by radio to the Commander of the nearest United 

States Coast Guard District. 
Sunken wrecks should be treated as dangers or shoals and the same information 

should be obtained relative to them. The least depth on a wreck is practically impos- 
sible to determine without dragging the area because of the probable existence of masts 

or other parts of the wreck which one cannot expect to find by ordinary soundings. 

366. EXAMINATION OF SHOALS 

An examination shall be made to determine the least depths on all dangers to navi- 

gation and important shoals in the project area. The regular system of sounding lines 
in the area or a more closely spaced system for development, may locate the position of 
a shoal within definite limits, but only in rare instances will the least depth be found in 

this manner, particularly where the area is rocky. The least depth must be found by 
an intense examination of the limited area in which the shoal is known to exist. This 

may be accomplished in any one of several ways. 
Where the bottom is visible there is no particular difficulty in finding the least 

depth. Ifa shoal is small in area and is visible, the sounding boat can be placed above 
it and the leadline watched to ensure that a sounding is obtained on the peak of the 
shoal. Where the bottom is not visible, the least depth may be determined either by a 
system of closely spaced lines over the shoal, by wire drag, by feeling with the leadline, 

or by drift soundings. 

Where the investigation for least depth consists of a system of closely spaced lines 
controlled by visual fixes all of the soundings should be recorded; but for drift sound- 
ings and feeling with the leadline, only the least depth found and its position need be 
recorded (see 3666). As this is a detached position a check angle must be taken, if 
practicable. 

The character of the bottom on each important shoal must also be determined and 
recorded. 

The examination of the shoals discovered should progress with the systematic 
survey of the area and all shoals or indications found during a season must be examined 
before the close of the season. Such work should not be postponed until near the end of 

the season when stormy weather or other circumstances may prevent the completion 

of all the work planned. 
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2 3661. Search for Shoals at Low Tide 

All examinations to discover least depths may be conducted more easily and with 
more certainty as to results at extremely low tides, except that the survey vessel must not 

be endangered in doing so. Advantage should be taken of the period of spring tides 

for this purpose and generally only that period from 2 hours before to 2 hours after 

low tide. 
If there is danger of striking the shoal, the examination should always be made on a 

rising tide, preferably just after low tide, so that if by accident the survey vessel grounds 

it can be floated more readily during the rising tide. (See also 361.) But for the sur- 
vey of extensive shoal areas it may be advantageous to utilize periods of high tide when 

the survey vessel may run sounding lines over the area with assurance of not striking 
or stranding. 

3662. Systematic Sounding Lines Over Shoal 

To delimit the area within which the least depth is, and often to determine the 
least depth, the most practical method is a system of closely spaced sounding lines run 
over the limited area in which the shoal is known to exist. The closeness of the spacing 
will depend on the character of the area and the type of danger or shoal. In a search 
for an isolated rock, lines 10 meters apart may be required, while over large shoals 
composed of sand in which rocks are unlikely, all that may be required is to split the 
principal system of lines with one or more lines. 

If splitting the principal system of lines will not give an adequate development, 
a new system of lines should be run over the shoal, at an angle of 45° or more to the 
direction of the principal system. 

For a close development the use of ranges is almost essential, and for areas near 
enough to the coast they should always be used to assist in covering the area closely 

and economically (see 3142). Distance angles may be used for the same purpose if 
more convenient (see 31483). 

3663. Examination With the Wire Drag 

When a danger or obstruction is not visible the only positive way of proving the 
least depth on it is by the use of a drag. In important areas the standard wire drag 

should be used for such purpose and to disprove the existence of reported dangers and 

obstructions. 
In many cases time can be saved by developing danger indications with the drag. 

This is especially true where the shoal area is large and is suspected of containing 
isolated rocks or pinnacles. The wire drag should also be used where the nature of 
the bottom and the adjacent shore indicates the probable existence of dangers that 

may have been missed by ordinary sounding. 
Any important danger discovered must be cleared with the wire drag within 2 

feet of the least depth obtained on it if this is possible. If it is impracticable to clear 
it by this small margin the reason should be stated in the Descriptive Report. 

Unless otherwise directed all wire-drag operations shall be executed in accordance 
with the requirements of Special Publication No. 118, Construction and Operation of 

the Wire Drag and Sweep. (See 391.) 
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3664. Isolated Rocks and Shoals ; 

An isolated rock or shoal may be found by a system of closely spaced sounding 

lines and, when found, its slope to the top may be followed by feeling with the leadline. 
The use of one or two marker buoys is almost essential for this purpose. On arrival at 
the area one marker buoy should be anchored at the supposed location of the shoal 

and another held in readiness in the boat for immediate use when the exact location 
has been discovered. (See 3665.) 

The lines and the soundings along them must be closely spaced for this purpose 
and if the leadline is used the progress of the vessel must be slow. It is good practice 
to use two leadsmen, one on each side of the boat. 

If there is a current and the leadline is used, the most effective method is to let 

the boat drift along a series of closely spaced parallel lines to cover the suspected area. 
The boat should be run into the current until it is up-current from the supposed location 

of the shoal and on one of the lines to be followed. It is then allowed to drift while 

the leadsmen sound or feel along the bottom with leadlines until it is down-current 
from the supposed location of the shoal. It is then propelled up-current again and 

allowed to drift along the next line, and so on until the shoal is found or the area is 
covered. When the shoal is found the second marker buoy should be thrown over at 
once. If practicable the lead which has struck the shoal should be left on the bottom, 
the leadline being payed out while the boat is propelled upstream to a position vertically 

above the lead, whence by feeling in the vicinity with the leadline the least depth may 
be determined. 

After the position of the shoalest area has been fairly well determined, a good 
substitute for the wire drag is to cover the shoal area with drift soundings. Three or 
more leadsmen may be distributed along the side of the boat, each with two leadlines, 
oneineach hand. The boat is maneuvered upstream from the shoal and turned broad- 

side and allowed to drift over the shoal spot while the area is felt out by all of the 
leadsmen. If the area is close inshore, ranges should be used to keep track of the 
courses drifted over. The exact ranges should be noted where the least depth on each 
line is found. The boat should then be maneuvered upstream and allowed to drift 

over the shoal again, overlapping the previous area by approximately a half boat 
length. This should be repeated until the shoal has been entirely covered. 

The position of the least depth has now been closely determined and by means of 
the observed ranges the boat should be anchored at the spot with the least scope of 

anchor line which will hold. With the leadsmen placed as before the boat is now 
sculled in an are around the anchor. The anchor line is then let out a half boat length 

and the same procedure followed. The operation is repeated until the least depth 
is found. 

The leadlines may be prepared by attaching a float to each a few feet farther from 
the lead than the least depth expected. Then when the rock is found the leadline may 
be let go, leaving the lead on the bottom with the float marking the spot. With this 
as a guide, the least depth can be determined in a few minutes by feeling over it. 

3665. Use of Marker Buoys 

In the examination of shoals the use of marker buoys is almost essential not only 
to mark the position of a shoal after it has been found, but also for reference in maneuver- 
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ing the boat or launch around the area being investigated. A supply of them, the type 

depending on the area and the purpose for which they are to be used, should always be 
at hand during the examination of shoals. 

In areas where shoals are expected and the control is weak so that it might be 
difficult to find the shoal again, a marker buoy should always be kept in readiness to be 
thrown overboard to mark any shoal sounding found during the systematic survey of 
the area. If there is any likelihood of being unable to find the marker buoy later or it 
would be uneconomic to revisit the area, the regular sounding line should be discon- 

tinued and the examination made at once. Otherwise the examination should be made 
as soon as practicable because of the possibility of the marker buoy dragging or being 

lost if it is left for too long a time. 

3666. Record of Shoal Examinations 

Where a shoal is examined by sounding along a systematic series of lines, all data 

should be recorded in the Sounding Record as usual. 

Where the shoal is found or the least depth is determined through drift soundings 
or any other nonsystematic procedure, a full report must be entered in the Sounding 

Record of the following items when they are not otherwise evident: 

(a) The method of search used. 

(b) The length of time spent in the examination. 

(c) A statement as to whether bottom was visible or not. 

(d) The apparent area of the top and base of the shoal. 

(e) The character of the bottom. 

(f) Whether the shoal is marked by kelp, eddies, riffles, or other visible evidence. 

(g) Sufficient additional information to enable the reviewer to determine whether the examination 

was adequate. 

367. DEVELOPMENT OF LARGE SHOAL AREAS 

A large shoal area consisting of sand or mud where it is improbable that rocks or 
obstructions exist may be satisfactorily developed by a system of closely spaced parallel 

sounding lines without the necessity for further examination. It must be reasonably 
certain, however, that the least depth, if it is less than 10 fathoms, has been determined 
within 2 feet. 

Where a large shoal area may contain isolated rocks or rocky elevations a system 
of closely spaced lines must be run over it to determine the probable location of these, 
the most important of which must then be separately examined (see 366). It is not 

necessary that every rock be examined, but it is essential that the shoalest one be 
found and the least depth over it be accurately determined. If the shoal area is 
extensive enough the least depths in several different places should be determined. 

Where an extensive foul area exists in an isolated locality where little navigation 
is expected, such a thorough development is not required. Typical depths should be 
determined throughout the area and around the periphery, the limits of the foul area 
being determined accurately. The area may then be outlined on the smooth sheet 
with a dash line within which appears the legend ‘“‘foul, not thoroughly surveyed”’. 
(See also 7826.) 

368. DEVELOPMENT OF AN OFFSHORE SHOAL 

For the development of areas beyond the limit of visibility of shore signals, 
survey buoys located with reference to the shore stations shall be established, if practi- 
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cable, in order that details of the area may be plotted in their proper positions and the 

area be completely and economically covered. Where this is practicable, the investiga- 

tion of the shoal area is carried out, using the survey buoys for signals, just as any other 

similar area would be surveyed. Where this is impracticable, two other methods may 

be used. 

Where an offshore shoal of small area and of shallow depth must be developed 
from a launch or small boat where three-point fixes cannot be used, a buoy with a tall 

mast may be anchored with a short scope near the center of the shoal. The height of 
the top of the mast above the waterline must be known and the method can be used 
only when the counterweight is heavy enough and the sea calm enough so that the mast 
remains almost vertical. After the buoy has been located, lines radiating to and from 
it may be run by compass courses, the distance from the buoy at each fix being deter- 

mined by measuring the subtended vertical angle between the top of the mast and the 
waterline (see 3363). The deviations of the compass must be accurately known. 
(See also 3365.) 

Where the shoal is extensive and the depths on it are not dangerous, one survey 

buoy may be anchored at or near its center and located. The area may then be sys- 
tematically covered with the survey vessel by a series of lines radiating from the buoy, 
the positions close to the buoy being referred to it by compass bearings and range- 
finder distances and the positions farther away by bearings and depression angles or 

by dead reckoning and log distances from the buoy. 
To develop closely an offshore area where shore control is visible but is so distant 

that it cannot be plotted within the limits of a large-scale sheet, circle sheets may be 

used (see section 37). 

37. LARGE-SCALE OFFSHORE SURVEYS 

In offshore hydrography using three-point fix control it is frequently desirable to 

develop portions of the area on a larger scale than that used for the general area, as 

for example, extensive shoals which can almost never be satisfactorily developed on 
a small scale. Even if a large-scale sheet can be constructed to include the required 

control stations, it will usually be found that protractor-arm extensions are required, 

making it difficult to plot positions quickly and accurately. Any distortion of the 
boat sheet further complicates the problem. But if a sheet of the desired scale cannot 

be constructed to include the required control stations, the conventional method of 

plotting three-point fixes certainly cannot be utilized. To obviate these difficulties, 
circle sheets can be used on which fixes ‘can be plotted without the use of a protractor. 

A wider application of this method is strongly recommended. 
Simply stated, the method consists in drawing on the boat sheet or smooth sheet, 

intersecting systems of ares of circles, each circle corresponding to the locus of some 

angle between two control stations. A position is then plotted at the intersection of 
the loci of the two observed angles, each locus being found by interpolation between 

the arcs drawn on the sheet. 
Although considerable work is involved in placing the arcs on a sheet originally, 

the ease with which fixes can be plotted and the increased accuracy of the results 
obtained more than compensate for the time spent, especially where numerous fixes 

observed to the same stations are to be plotted. 
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371. DERIVATION OF FORMULAS 

In the general consideration of the problem, certain fundamental formulas are 

necessary. These are derived as follows: 

In figure 62, B and C are control stations. 

a=distance from B to C. 

a and = observed angles from B to C. 

A and A’=centers of circles which are loci of all points where angles a and = can be observed. 

d and d’=AD and A’D. respectively—measured along the perpendicular bisector of BC. 

c=radius of circle BA’C. 

In the circle BA’C, 

d= 5 cot a. (1) 

— = COsee a. (2) 

It can also be shown that, 
a a a a 
9 COSeEC a= 5 cot 97 5 cot a. (3) 

That is, the radius c for any angle @ equals the difference between the d distances for = and a; in 

other words, c=d’—d. Stating the relationship in another way, the are for an angle a@ will pass 

a 

through the center for the are of angle 5 (See 3751 for application of this relationship.) 

In computing the d and c values, a scale factor is introduced so that the results can be measured 

directly on a 1:10,000 scale meter bar. For any scale, the formula is: 

Seale factor (X) — 

Thus, if the seale used is 1:40,000, X=7: 
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FIGURE 62.—Principle of plotting angles without a protractor. 
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Equations (1) and (2) therefore become, 

d= X55 cot a. (4) 

a 
c= XB cosec a. (5) 

To facilitate the computations there is included in 964 a table of natural half-cosecants and half- 

cotangents for angles from 1° to 90°. For larger angles the functions can be derived from this table 

from the relationship, f(a) =f(180°—a@). And since the cotangent of an angle larger than 90° is 

negative, the d distances along the Line of Centers would be measured above the line BC (fig. 62). 

The use of the table and formulas is. illustrated by the following example: 

The distance between two control stations is 5,000 meters, the scale of the sheet is 1:40,000, and let a be 4°, then substituting in 

equations (4) and (5): 

1 
d= 7 0,000 X7-1503 8,937.9 meters Measured on a 1:10,000 scale meter bar 

1 
and Ca ec8 ON <7 -1818 —8,060:8 meters measured on a 1:10,000 scale meter bar. 

A table of the necessary logarithmic functions should be prepared in advance if their use is 

preferred. 
372. PREPARING CIRCLE SHEETS 

The problem of preparing circle sheets consists generally in determining the 
centers and radii of the arcs and drawing the arcs on the sheet. The method to be 
followed in a given case depends on the relative positions of the two control stations 
of any system of loci and the large-scale sheet. Five cases may arise. They are: 

Case 1. Both stations are off the sheet and the Line of Centers is off the sheet. (See 374.) 

Case 2. Both stations are off the sheet and the Line of Centers is on the sheet. (See 3751.) 

Case 3. One station is on the sheet and the Line of Centers is on the sheet. (See 3752.) 

Case 4. One station is on the sheet and the Line of Centers is off the sheet. (See 3753.) 

Case 5. Both stations are on the sheet and the Line of Centers is on the sheet. (See 3754.) 

Case 1 may be considered the general case and the other four cases as modifications 

of the general case and they are so treated in this Manual. 

373. PRELIMINARY LAYOUT 

Irrespective of the conditions encountered or of the method used in preparing 

the circle sheets, a preliminary layout must first be made on a chart of the locality on 
which the control stations and the limits of the various sheets to be used are accurately 
plotted (figs. 63 and 66). This should be done prior to any computation or plotting. 

The layout is needed in selecting the control stations to be used, if there are more 
than three to choose from, and as a guide in determining the angles to be computed. 

It may be necessary to traverse with the vessel around the area to be surveyed to 
select the best fix available. The importance of this selection cannot be too strongly 

emphasized. Signals most likely to be visible under all conditions should be selected 
as this will often reduce the number of systems of arcs on a sheet and reduce confusion 
in plotting. The selection of stations is not limited to those constituting a three-point 

fix, but any two pairs that give good intersecting arcs may be used. 

374. GENERAL CASE 

BOTH STATIONS OFF THE SHEET—LINE OF CENTERS OFF THE SHEET 

There are two methods of solving the general case: the graduated perpendicular 
method, and the auziliary straight-line method. Both are described and the hydrog- 

rapher should select the one which best suits his particular conditions. 

a 
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3741. Graduated Perpendicular Method 

a. Preliminary construction 

Before this method can be applied the following preliminary construction is 

required on the layout sheet (fig. 63): 

(1) Erect a perpendicular bisector (Line of Centers) to the line joining two control stations 

selected for one angle. 

(2) With centers on the perpendicular bisector and radii equal to distances to one of the stations 

(P in the figure) four ares are drawn within the limits of the large-scale sheet, one near the top, one 

near the bottom, and two approximately equidistant beween the top and bottom ares. 

(3) With a protractor set on any point on each of these four ares, measure the angle @ (to the 

nearest degree) subtended between the two control stations. In figure 63 these angles are 17°, 19°, 

APPROXIMATE SCALE 1:400,000 

FIGURE 63.—Layout sheet for graduated perpendicular method. 

22°, and 25°. Also measure on the layout sheet the maximum range of angles that will be required 

on the large-scale sheet. This will determine the limiting circles to be drawn. These angles should 

all be laid off on the Line of Centers so that when construction of the circles is begun, it will require 

merely an inspection of the layout sheet to place the boat sheet on the drafting table so that the Line 

of Centers will be within the limits of the table top. 
(4) On each of the four arcs select three points, A, B, and C—one near each edge and one near 

the centerline of the sheet. With a protractor measure the azimuths (to the nearest half degree) 

between the center for each arc and the three selected points on that arc. (See azimuth line from 

Line of Centers to point C on 25° arc in figure 63.) These scaled azimuths are used later in the 

computation of the geographic positions of the selected points (see 3741b(5)). 
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This completes thé work on the layout sheet. The same procedure is followed for 

every pair of stations to be used on the survey sheet. 

b. Computations 

Before the ares can be constructed on the large-scale sheet the following computa 
tions must be made: 

(1) Compute the distance and azimuth, by an inverse computation if necessary, between each 

pair of stations to be used. 

(2) Compute the geographic position of midpoint D between adjacent stations. 

Where distances between stations do not exceed 25,000 meters and the latitudes are not higher than 15°, the position may be 

obtained by taking the means of the latitudes and longitudes of the adjacent stations. This gives the position as accurately as it can 

be plotted. 

(3) By means of equation (4) compute the d distances along the perpendicular bisector (Line of 

Centers) from the midpoint D to the centers of the curves for the entire range of curves to be drawn 

en the sheet. Compute also the radii of the curves (c distances) by means of equation (5). 

Curves should be drawn to the limits of the sheet, as a fix is often desired beyond the limits of the hydrography. Ares drawn for 

every degree above 20° and for every half degree between 10° and 20° usually give sufficient accuracy. For plotting between the arcs 

small spacing dividers will be found helpful for interpolation. 

(4) Compute the geographic positions of the centers for the four ares selected on the layout 

sheet (see 3741a(2)). 

(5) Compute the geographic positions of the three points (A, B, and C) selected on each of the 

four ares on the layout sheet. This is readily done by using the computed radii (see (3) above) and 

the assumed azimuths as scaled from the layout sheet (see 3741a(4)). 

c. Construction of ares 

When the graduated perpendicular method is used, the physical construction of 
the ares on the large-scale sheet can be accomplished in one of the following three 

ways: 
1. With beam compass. 
2. By computation. 

3. With three-arm protractor. 

1. With beam compass.—In this method, a special beam compass about 8 feet long is required. 

This will permit drawing curves with a 30-mile radius on a 1:20,000 scale sheet and will probably 

meet most requirements. The beam should be of sturdy construction to eliminate sag. A beam 

made of well-seasoned wood in the form of a 2-inch T in cross section has been found to have the 

required amount of rigidity. Two beams spliced together have been found unsatisfactory. <A drafting 

table large enough to accommodate the survey sheet and the Line of Centers is necessary. 

A projection is first constructed on the survey sheet. It is then placed on the drafting table in 

such a position that none of the centers is beyond the limits of the table top. This can be easily 

done from an inspection of the layout sheet and by determining the direction of the Line of Centers 

and its approximate distance from one of the edges of the survey sheet. The latter is then thumb- 

tacked in position. A piece of boat-sheet paper is then tacked on the drafting table where the Line 

of Centers is expected to fall. The width of the boat-sheet paper will allow for the approximation 

in position. : 
A narrow strip of boat-sheet paper slightly longer than the radius of the longest are to be swung 

is secured to the table for use in measuring long distances. Intervals of 10,000 meters (the length 

of the 1:10,000 scale meter bar) are laid off along a straight line on the strip of paper and marked 0, 

10,000, 20,000, 30,000, ete. A small piece of celluloid is fastened over the zero point to prevent 

excessive wear from the repeated measurements necessary from this point (see 7631). In laying off 

the lengths of the radii, the increments from the 10,000-meter intervals should first be plotted and 

then the total distances set on the beam compass. 

The three points, A, B, and C (fig. 63), on each of the four ares on the layout sheet are plotted on 

the survey sheet by their geographic positions (see 3741b(5)). With these points as centers and with 

the c values as radii (see 37416(3)) ares are swung on the strip of paper on which the Line of Centers 
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will fall. The intersection of the arcs from each group of three points (A, B, and C) will be the center 

for the are through those points. <A straight line drawn through the four intersections will define the 

Line of Centers. An additional check on the accuracy of the construction is to compare the distances 

between the four centers graphically determined with the computed d values (see 3741b(3)). Any 

discrepancy should be adjusted in relation to the four points established by the construction work. 

The centers for all ares required on the sheet are then plotted on the Line of Centers from the 

computed d values, each measurement being made from the nearest plotted center. It will be found 

convenient to establish an initial point of some even thousand meters near each of the centers laid 

down by construction, to facilitate subtracting between adjacent distances between centers. 

From the centers thus determined arcs are drawn on the survey sheet, using the computed c 

values as radii. A check is obtained if the ares pass through the 12 computed points on the survey 

sheet. A further check is obtained if the are corresponding to a given angle passes through the center 

of the are of half that angle. (See equation (3) in 371.) 

In using a long beam compass best results are obtained by applying light pressure at the fixture 

directly over the pen, the other fixture being lightly held in place at the circle center. Pressure applied 

at any other part of the beam may cause variable flexure while drawing the arcs. 

For quick identification in the field, it will be found helpful to use colored inks for the ares. In 

some eases it may be desirable to use different colors for the different systems, while in others it may 

be more helpful to use colors to designate the angular values, such as black for whole degrees, blue for 

half degrees, and other colors for smaller intervals if used. (See 735 for instructions for inking ares 

on smooth sheets. ) 

2. By computation.—There may be cases where it is preferable to compute the rectangular co- 

ordinates of points on the ares and then draw them in with the aid of standard curves. Such a method 

will be found useful where the radii of the circles are too long for the beam compass at hand or where 

not too many circles are required. 

When this method is used, the procedure up to the point of constructing the ares is the same as’ 

heretofore described, except that all the ares that will be required on the survey sheet must be drawn 

on the layout sheet, rather than only four. Three points are selected on each are as before, but the 

geographic position of only the middle point (B in fig. 63) need be computed, only the azimuths (scaled) 

of points A and C being used. ‘The procedure is as follows: 

(a) Compute the geographic positions of the intersections of the radii passing through the selected 

points at each end of an are (A and C in fig. 63) with the tangent to the are at the selected middle 

point B. This is readily done by using the sealed azimuths of the radii and the computed geographic 

position of the point B (see 3741b(5)). Plot the tangent line on the sheet. 

(b) Considering the radius to the selected middle point on the are as the Y-axis and the tangent 

line as the X-axis, the rectangular coordinates of points on the circle passing through the origin of the 

system are derived as follows: 

In figure 64, 
D 

DB=azimuth line from center of circle 

to selected middle point, or the 

radius c of the circular are BR. 

BP=the normal line. 

BS=x-coordinate of point R. 

SR=y-coordinate of point R. 

RP=an extension of radius DR. 

6=the angle RDB or PRS. 
Then, 

BP 
sane 

c 

and z= BP— SP= BP— y tan 6. FIGURE 64.—Construction of the ares from 

and y=c—c cos 6 rectangular coordinates. 

Assigned values of BP are entered in the above formulas and the corresponding values of x and y 

are solved by logarithms. It is unnecessary to find the angular value of 6, but simply the value of the 

cosine corresponding to the tangent of the angle. 

3. With three-arm protractor.—This method of drawing the ares is not strictly a part of the ‘‘Gradu- 

ated Perpendicular Method”’ since all the steps included in that method are not necessary for its use, 

and as will be seen it is also part of the ‘‘Auxiliary Straight-Line Method”’ (see 3742). 
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When this method is used, the preliminary construction on the layout sheet is accomplished as 

before (see 3741a), except that enough ares should be drawn to permit an accurate graphic interpola- 

tion for intermediate arcs as explained below. The computation, however, is greatly simplified. 

The computation required in 3741b (steps (2), (3), and (4)) can be omitted in this method since the 

geographic position of a point C (fig. 65) on a locus of an angle a can be computed from the triangle 
CMP, the angle MPC being scaled from the layout sheet. 

In figure 65, A and C are two points on the locus of angle a and near the margins of the survey 

sheet. (These correspond to the selected points A and C in fig. 63.) The angle @ is the observed angle 

= — ~~ — 

FIGURE 65.—Drawing the ares with the FIGURE 66.—Layout sheet for auxiliary 

use of a protractor. straight-line method. 

between the two triangulation stations M and P, and the angles x and 2’ are from the scaled azimuths 

from the layout sheet. The geographic positions of A and C are computed by the method noted 

above and the points are plotted on the survey sheet. 

The angle at B equals 180°— («—z’) and this holds true for any point along the are AC. There- 

fore, this angle is set on a metal protractor, using the movable arm that can be closed to a zero reading. 

Two pins are firmly set at the plotted positions A and C. A pencil is centered in the protractor and 

the are is drawn by moving the protractor along, with the arms sliding against the pins. The portion 

of the are that falls beyond points A and C is plotted with the angle x — x’ set on the protractar. 
If the distance between A and C is too long to permit sliding the protractor very far from the 

center of the sheet, then use is made of the geographic position of point B (see 3741b(5)) for pivoting 

the protractor arm. In such case, however, the angle set on the protractor is 180° minus the difference 

in azimuths between the line to B and the line to A or C depending on which part of the arc is being 

drawn. 

The same procedure is followed to lay off the other ares on which points have been computed. 

Intermediate arcs can be laid out in a similar manner by constructing graphs of the rate of change of 

the angle a between each of the computed ares and plotting scaled locations of intermediate positions 

corresponding to A, B, and C. Graphs for the rate of change of the protractor angle are also needed 

for use in determining the protractor setting for the intermediate arcs. 

3742. Auxiliary Straight-Line Method 

In this method use is made of two auxiliary straight lines graduated on the principle 
of the graduated perpendicular and furnishing points through which the arcs may be 
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drawn with the aid of a three-arm protractor. The method is adaptable for use without 

the advance drawing of the arcs on the large-scale sheet since, by means of the graduated 

auxiliary lines, the position of the vessel may be plotted from the loci of the two observed 
angles. This may be advantageous where limited offshore investigations are required, 
and cannot be done with the graduated perpendicular method. 

a. Preliminary construction 

(1) On the layout sheet (fig. 66), draw two auxiliary straight lines ME and ML, through one of 

the stations to be observed on, making angles x and x’ with line MP and located on the side of the line 

where the arcs are to be constructed. The azimuths of these lines are scaled to the nearest degree. 

(2) From P, the other station to be observed on, erect perpendiculars to the two auxiliary lines, 

intersecting them at points F and C. Select three well-distributed points G, H, and K on each auxiliary 

line and scale their distances to the nearest 1,000 meters from points F and C. 

b. Computations 

(1) With the scaled azimuths and distances compute the geographic positions of F and C and 
of the three selected points (G, H, and K) on each line. . 

(2) Compute the distances PF and PC, and from equation (4), d=X = cot a, and the table of 

natural half-cotangents in 964, compute the distances along FE and CL for various angles « to cover 

the entire range of curves to be drawn, a in the formula being equal to 2PF and 2PC. These gradua- 

tions are points where the auxiliary straight lines intersect the various ares passing through M and P. 

The truth of this proposition is demonstrable from a consideration of figure 67. 

5 FIGURE 67.—Principle of auxiliary straight-line method. 

In the figure, DO is the Line of Centers for stations M and P, and ME is an auxiliary straight line making an angle x with MP. 

0 is the center of the circle which is the locus of all points where angle a is observable and which intersects the auxiliary line at point 

#. If, from station P, a perpendicular PP’ is drawn to ME making FP’=FP, then ME is the Line of Centers for circles passing 

through P and P’ and by equation (1) in 371, 

I2eY cot a 
FE=——cot a=2PF 

2 2 

Therefore, graduations along the line M/E for various angles a will be points on the arcs of corresponding angular values and which 

pass through stations M and P. 

c. Construction of ares 

(1) On the large-scale sheet plot the three selected points G, H, and K on each of the auxiliary 

lines from their computed geographic positions (6 (1) above), and draw straight lines through them. 

(2) Plot the graduations on the auxiliary straight lines from the values obtained in b (2) above. 

To do this the geographic position of one of the graduations on each of the auxiliary lines must first 
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be computed from its azimuth and distance (see a(1) above), and from that point the other gradua- 

tions may be plotted. 

(3) The construction of the ares is accomplished as in the three-arm protractor method by setting 

on the protractor the angle corresponding to 180°—(a—z’) and making the two arms pass through 

corresponding graduations on the auxiliary lines. The center of the protractor will be a point on the 

are sought. If portions of the arc to be drawn are outside the auxiliary straight lines then the angle 

set on the protractor will be (c—2’), that is, the angle between the two auxiliary lines. (See 3741c(3).) 

It is to be noted, of course, that in this method it is not absolutely necessary that 
the arcs be drawn on the sheet as is the case in 3741. The vessel’s position may be 
plotted by swinging the loci of the observed angles. This may be advantageous in 

certain field investigations or in plotting the smooth sheet. 

375. MODIFICATIONS OF THE GENERAL CASE 

The problem is simplified where the Line of Centers is on the sheet or where one 

or both the stations are on the sheet. 

3751. Both Stations off the Sheet—Line of Centers on the Sheet 

By referring to the layout sheet, select three points, a suitable distance apart, within the limits 

of the survey sheet being prepared and close to the perpendicular bisector of the line joining two of 

the control points. Their distances to D (fig. 62) are roughly scaled from the layout sheet and dis- 

tances chosen to the nearest 1,000 meters. Using Form 27, Position Computation Third-Order Tri- 

angulation, the geographic positions of the selected points are computed from point D along azimuth 

DB—90° (fig. 62). A straight line is drawn through these points for the entire length of the survey 

sheet. This is the Line of Centers. Where only a portion of it falls within the limits of the large- 

scale sheet, it can be extended some distance beyond and onto another strip of paper by means of a 

straightedge; or it may be feasible to construct a projection to include the entire Line of Centers and 

then, after the ares are constructed, cut off the unnecessary portion. If the latter method is used, 

points near the extreme limits of the line should be computed. 

Distances along the Line of Centers and the radii for the various ares to be drawn on the sheet 

are computed as described in 37416b(3). These distances are plotted from the nearest computed point, 

so that practically all distortion along the Line of Centers is eliminated. 

Select a point on one of the ares near the center of the work and compute its geographic position. 

This is readily done from the corresponding computed center, the computed radius, and an assumed 

azimuth. A comparison of the scaled and computed radii will determine the distortion correction 

(Gif any) to be applied to the rest of the computed radii. 

The required ares are drawn by any of the methods described in 3741 c. 

‘Under special conditions computations of the radii may be eliminated even where both the stations 

are off the sheet. For example, if points A and A’ (fig. 62) on the perpendicular bisector fall within 

the sheet, then the locus of the angle a can be plotted from the relationship given in equation (3) in 

371, namely, that the radius of the locus of angle a is equal to the distance from A to A’ on the Line 

of Centers. 

3752. One Station on the Sheet—Line of Centers on the Sheet 

This is a modification of the above case. Since one of the control stations lies 

within the large-scale sheet, the radii for the various ares need not be computed but 

can be scaled graphically from the plotted centers and the plotted station. 

3753. One Station on the Sheet—Line of Centers off the Sheet 

This condition is best treated by applying the principle of the ‘“‘Auxiliary Straight- 
Line Method” (see 3742). The same procedure is followed as described there, except 

that only one auxiliary line is required and it is drawn from the station that falls off the 
large-scale sheet. The auxiliary straight line is plotted on the large-scale sheet and 

graduated as before. The arcs are drawn with a three-arm protractor by setting off 
the angle x (fig. 67) on the protractor and making the two arms pass through the station 
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plotted or the sheet and the various points of graduation. If the are to be drawn is 

within the angle made by the auxiliary line and the line between the stations, then the 
angle to be set off on the protractor is (180°—z). 

3754. Both Stations on the Sheet—Line of Centers on the Sheet 

This is the simplest case of all and is for the most part a graphic solution. The 
radi of the ares will usually be of such lengths that construction with a beam compass 

will be feasible. ; 

Referring to figure 62, the distance a between the stations is determined by scaling 

from the large-scale sheet and the midpoint D is plotted. Erect a perpendicular (Line 

of Centers) at this point, and by means of equation (4) in 371 compute the d distances 

along this perpendicular for the entire range of arcs to be drawn on thesheet. Where 
the centers for the ares to be constructed are at a considerable distance from the mid- 

point in relation to the distance between the stations, then the Line of Centers should 
be determined as described in 3751. 

The centers can also be determined graphically by setting the angle @ on a pro- 
tractor and with its center on the Line of Centers and one arm in coincidence, shifting 
it along the Line until the other arm passes through one of the control stations. Or 
the locus of 2a can be plotted and its intersection with the Line of Centers obtained. 

The distance from each of the centers thus determined to either of the stations will 

be the radius of the are to be described. 

376. Vartous Metuops or USE 

When surveying an area with a circle sheet it will be of great help to run the sound- 
ing lines parallel to one system of arcs. This is described in 3143. The ease and speed 
with which positions can be plotted will be advantageous under many conditions. It 
is even possible to cover a shoal thoroughly with evenly spaced lines without plotting 
one position while sounding. Furthermore, it is usually possible to tell if a change 

in course is necessary as soon as the angles are taken and before the position is plotted. 

This method of surveying also permits the selection of stronger fixes, since stations. 
beyond the limits of the sheet can be utilized. 

In making large-scale offshore surveys by this method, the small-scale sheet (pref- 

erably an aluminum plate) on which all the control stations are plotted, should be 
kept at hand, so that if one or more of the objects, for which systems of ares have 

been constructed, become momentarily obscured, other stations can be utilized for an 
occasional position, which is plotted on the small-scale sheet and then transferred to 
the circle sheet. 

The method can also be used advantageously wherever the stations are so distant 

that they are near the ends of the protractor arms, and it is the only satisfactory way 

to plot closely spaced lines using distant signals. Under such conditions the three- 
arm protractor is unsatisfactory because of the errors due to the limitation of the 
protractor and the distortion of the sheet. It is impossible to verify such a sheet, for 

the same position will not plot in the same place after the sheet has been subjected to 
any atmospheric changes. 

The method also has application in making enlargements of areas originally plotted 
at a small scale where photographic enlargements are not sufficiently accurate In 
such case a circle sheet is constructed by one of the methods described above and the 
positions are plotted directly from the angles in the Sounding Record. 
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38. CONTEMPORARY OPERATIONS 

In conjunction with each hydrographic survey certain contemporary operations 
must be performed and certain data obtained and noted which are not strictly related 
to sounding. Those which are the responsibility of the Chief of Party and the survey 
party generally, but which may not necessarily be performed by the hydrographic 
party, have been described in chapter 1—but those which should be performed by each 
hydrographic party are described in this section. 

381. SHORELINE BY HyDROGRAPHER 

In conjunction with a survey of the inshore waters adjacent to the shoreline it is 
incumbent on the hydrographer to see that the necessary shoreline information to 
accompany the hydrographic survey is available. The high-water line and the topog- 
raphy offshore from it are the most important parts of the topographic information 
obtained during a hydrographic survey. 

The hydrographic party shall verify the correctness of the topographic detail 
falling within the limits of the hydrographic survey. When both the topographic and 

the hydrographic survey are made in the same season under the direction of the same 
Chief of Party, it shall be his duty to see that any discrepancies between the two 
surveys are investigated in the field and that information common to both is 
identical. 

Where the contemporary topographic survey has been made in a previous season 

or under a different Chief of Party, the hydrographic party will be responsible for the 
revision of the topography if any changes have occurred or if any discrepancies are 
found therein. 

Complete notes relative to topographic information obtained by the hydrographic 
party and all three-point fixes, sextant cuts, and measured or estimated distances shall 
be recorded in the Sounding Record. The Descriptive Report for the hydrographic 
survey shall explain in considerable detail the revision of any shoreline, the methods 
used by the hydrographer to locate it, and the apparent reason necessitating the change. 
(See also 3244.) 

3811. Shoreline Revision 

Where there has been a contemporary topographic survey either by planetable or 
from air photographs, the results of which are available prior to the hydrographic 
survey, the shoreline and all topographic details offshore therefrom shall be transferred 
accurately to the boat sheet in order that the hydrographer may verify the complete- 
ness and accuracy of these data during his sounding operations. Any shoreline data 
which are found to be inaccurate, or where appreciable accretion or erosion has taken 

place, shall be corrected and shown on the boat sheet by a broken or solid red line, de- 
pending on the accuracy of location (see 753), accompanied by appropriate notations 
of the general method used to determine the position of the revised shoreline. 

3812. Sketched Shoreline 

Where no topographic survey of the area is available and a contemporary one is not 
contemplated or where the only information available is from an entirely inadequate 
reconnaissance survey, the hydrographer should locate by carefully estimated or 
measured distances all the important features of the shoreline in connection with his 

hydrography. This may be done from a series of three-point fixes taken close to the 
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shore specifically for this purpose. From each of these fixes, sextant cuts (preferably 
three to each point) may be taken and rangefinder distances measured to any recog- 
nizable features along the shoreline, the intermediate shoreline being sketched in. 
The necessary angles and data can often be conveniently obtained in connection with 
the hydrography by stopping the boat temporarily at the inshore end of each line of 
soundings. The results of course are inadequate for charting on a large scale, but on 
small scales where minor detail is usually eenernlized the results will give a reasonably 
accurate portrayal. 

In areas such as the Aleutian Islands, alse heavy ocean swells may sometimes 
prevent the topographic party from landing ene certain parts of the coastline. If, 
toward the end of the season, an inshore hydrographic survey has been completed, 
but the corresponding topographic survey has not, the shoreline should then be sketched 
from a launch for temporary use in charting. The topographer or the hydrographer 

takes the boat sheet in the launch and cruises off the shore at an appropriate distance 
where he can locate his position by strong three-point fixes from the hydrographic 
stations previously located by cuts and which are plotted on the boat sheet. Additional 
points on shore are then cut in from the launch, and the shoreline between the points 
carefully sketched. Such shoreline shall be shown on the boat sheet by a dash line 
inked in black. 

This method of locating the shoreline and offshore topographic details should be 
used only as a last resort and then only for areas of relative unimportance. An ade- 
quate report shall be made as to why the topographic survey was not accomplished, and 
a statement shall be included as to the probable accuracy of the result by these substitute 
methods. 

382. Form Lines From THE SHIP 

Form lines to represent the topographic relief are an important part of a chart, for in 
piloting the mariner determines his position from those objects he can identify. Conse- 

quently, when surveying in an uncharted area, the Chief of Party should see that topo- 
graphic features of value to the mariner are located as far inland as practicable. This is 
particularly applicable to the rugged coastal areas of the United States, the Philippines, 

and Alaska where many conspicuous mountains, hills, and ridges bordering the shore- 
line lie beyond the limits of the standard 1:10,000 and 1:20,000 scale topographic sheets. 

During an ordinary topographic survey of the shoreline, the topographer is fre- 
quently limited to cuts to unimportant points on the slopes of minor hills and ridges 
which rise abruptly from the shoreline. In an effort to supplement the planetable 

topography with sextant cuts from offshore, it is often found that the desired features 
lie beyond the inshore limits of the sheets, or that the positions from which satisfactory 
cuts to such features must be obtained are beyond the offshore limits of the sheets. 

Sheets for form lines only, constructed at scales one-half to one-fourth those of the 
regular topographic sheets, can usually be laid out so that their limits will include all 
topographic features which are of greatest value to the navigator and at the same time 
include the offshore water area from which satisfactory cuts may be obtained. 

Form lining from the ship can be accomplished simultaneously with the ship 
hydrography and without any interference with it. The only additional personnel 
required are sextant observers, and in most instances one is sufficient. The cuts 

should be recorded in the regular Sounding Record (see 248) with their respective 

hydrographic position numbers for plotting at a later date. It is not necessary to 
stop the vessel to obtain sextant cuts, but advantage should be taken of any stops 

(for vertical casts, serial temperatures, lowering or hoisting launches, etc.) to obtain 
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cuts if the locations are advantageous. When the vessel is underway, each cut must 
be marked simultaneously with its corresponding fix. Vertical angles can be measured 

a few seconds later without affecting the elevations, especially when the course parallels 
the coast. Heights of trees on hills, ridges, and mountains shall be estimated in order 
that the elevations may be reduced to ground elevations. On the form-line sheets 
the elevations of the trees shall be shown in parentheses alongside the ground elevations. 

Various points on the slopes and mountainsides should be cut in and vertical 

angles measured to them in order to control the form lines. The interval between form 
lines shall be governed by the scale of the form-line sheet and the type of topography; 
it should show clearly the general formation of the relief and should naturally be smaller 
for less rugged terrain. 

Three or more sextant cuts forming a good intersection must be obtained to locate 

each object; vertical angles at two of these cuts will be sufficient if the computed eleva- 
tions check within 10 feet. If the cuts are taken intermittently during an extended 

period of time so that there might be doubt as to the identity of an object, a vertical 

angle should be observed and recorded with each cut to serve as additional identification. 

Illustrated are tabular forms for abstracting the “‘observed data’”’ and for the “computation of 

elevations” which shall be included in the Descriptive Report to accompany a form-line sheet compiled 

from sextant cuts observed from a vessel. 

In the ‘‘observed data”’ form it is to be noted that the vertical angle, column 5, is always measured 

from the waterline at the shore. In column 7 is listed the correction for tide with reference to mean 

high water, which is usually to be subtracted from the observer’s height of eye above the water (column 

‘6) to obtain the height of the eye above mean high water (column 8). The required tide correction in 

column 7 may be obtained from the Coast and Geodetic Survey Tide Tables; it is the difference 

between the predicted tide for the time of observation and the ‘‘mean range of tide,”’ except when the 

predicted tides are minus, in which case they are added to the mean range of tide. 

In the “computation of elevations” form, the various steps are self-evident with the possible 

exception of column 6, “correction for dip,” and column 10, “‘curvature and refraction correction.” 

The correction for dip is always subtracted from the observed vertical angle. The combined curvature 

and refraction correction is always added to the computed elevation of the object (column 9). 

Form Lines 

[OBSERVED DATA] 

Day letter: A 

Sheet No. T—4240 Locality: Bumble Bay Date: 7/14/40 
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Form Lines 

[COMPUTATION OF ELEVATIONS] j 

Sheet No. T—4240 Locality: Bumble Bay 
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Observed data are entered in columns 1, 2, 3, 5, 11, and 12. 
Data entered in columns 4 and 8 are measured from the form-line sheet. 
Values in columns 6 and 10 are from tables 7 and 4, Topographic Manual. 
Values in column 9 are computed on hypsograph, or by using table 3, Topographic Manual, from values in columns 7 and 8. 
Values in column 13 are algebraic sums of columns 9, 10, 11, and 12. 

383: Aips To NAVIGATION 

The positions and characteristics of all aids to navigation in the project area must 
be accurately determined, and the dates of the determinations given. (See also 784.) 

It is important that the dates of location or visitation be a matter of record insofar 

as the items under this heading are concerned. This is especially important in con- 

nection with floating aids to navigation for at the time of the location the aid may 

have been temporarily off station and may have been replaced on its correct station by 
the United States Coast Guard within a short time after it was located. 

Landmarks for charts are considered in 155, and the requirements for objects for 
use in locating aids to navigation are given in 1551. 

| 3831. Fixed Aids to Navigation 

All fixed aids to navigation established by the United States Coast Guard should 
be located by triangulation if their geodetic positions are not already available or if 
the aid has been moved in position or re built since the date of the previous determina- 
tion. Where for any reason it is impracticable to locate one or more fixed aids by 

triangulation, a substitute method shall be used, but the determinations shall be such 
that no appreciable plottable error will result. In projects where there are numerous 

minor beacons whose positions are subject to frequent change the project instructions 

may specify that these may be located by methods other than triangulation. If 

compliance with the instructions requires an apparently unjustified amount of work, 

the Chief of Party should inform the Washington Office of the facts, recommending 
an amendment to the instructions. (See also 7841.) 

The positions of all fixed aids located should be reported on Form 567, Land- 

marks for Charts. 
3832. Floating Aids to Navigation 

The positions of and depths at all floating aids to navigation in the project area 
shall be determined during the hydrographic survey. Inshore floating aids should be 
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located by three-point fixes at the aids, wherever practicable; cuts are not satisfactory, 

but where they have to be used all cuts to one aid should be taken in a short interval 
of time so there will be less likelihood of a change in the direction of the current affect- 

ing the position of the aid. Offshore aids to navigation beyond the visibility of shore 
signals should be accurately located by R.A.R. if that method of control is being used 
in the hydrographic survey. (See also 7842.) 

Where a marker buoy is maintained near an aid to navigation the POSIMONS of 

both shall be determined. 
If a floating aid to navigation is found to be off station, the fact should be promptly 

reported to the Commander of the nearest United States Coast Guard District. If 
its station is found to be unfavorably located for the purpose for which it was intended, 

its position and the facts should be reported to the Coast Guard and to the Washington 
Office. The station of a floating aid is its position on the largest-scale chart of the 
area. Any recommendations, based on the new hydrographic survey, for additional 

aids to navigation or for more desirable stations for existing aids, should be reported 
in writing to both offices as soon as practicable, with a photostat or tracing of the 
boat sheet. 

Reference shall be made in the Descriptive Report to any reports which have 
been made to the Coast Guard relative to floating aids to navigation. 

Refer to 1551 for objects which are to be located for the use of the Coast Guard. 

3833. Azimuths of Ranges 

The azimuths of all light and beacon ranges maintained by the United States 
Coast Guard for use in navigation in the project area must be accurately determined. 
Any that are not determined by triangulation must be determined by the topographer 
or the hydrographer. 

The topographer shall determine azimuths of ranges by actually setting up the 
planetable at an accurate location on each range at a considerable distance from the 
front range, the resulting azimuth line being drawn on the sheet as a long line from 
which the azimuth can be accurately scaled. 

Where the azimuth is determined by the hydrographic party the survey vessel shall 

be placed on the range at a comparatively long distance from the front range where a 
strong three-point fix and check angle can be observed. Where a check angle is im- 
practicable, two three-point fixes at different locations on the range shall be observed. 

The azimuth of a range established for use in crossing a bar shall be determined from a 
position on or outside the bar. The sextant fixes must be recorded in the Sounding 
Records and indexed. From the accurately plotted positions the azimuths of the 
ranges are to be scaled by BRE TOGOS and noted along the range lines on the smooth 
sheet. (See also 356.) 

3834. Nonfederal Aids to Navigation 

Aids to navigation which are established privately or by State or local governments 
and for which the Federal Government is not responsible, shall be located by the hydro- ° 
graphic party and their positions shall be shown on the smooth sheet, but the status 
of these aids shall be made clear on the sheet and in the Descriptive Report. The 
Descriptive Report should state the purpose of the unofficial aids to navigation and 
the date of their establishment, the agency or person who established them, and whether 

or not they are maintained, if these facts can be ascertained. 
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3835. Broadcasting Stations 

Commercial broadcasting stations near the coast often have practical value in 
navigation for use as radiobeacons. Those within the project area should be considered, 
their value to navigation should be investigated, and those of importance should be 
accurately located and reported as aids to navigation on Form 567. 

3836. Clearances 

It is essential that the actual clearances above mean high water of all bridges, 
cables, and telephone or telegraph lines be accurately known. The clearances of 
bridges are generally listed in the “List of Bridges Over the Navigable Waters of the 
United States” published by the United States Corps of Engineers. The data given 
in this publication should be verified in the field by actual measurements and the 
proper reports made—if discrepancies are found they shall be fully discussed. The 
clearances of bridges not listed in the above publication and the clearances of any other 
overhead obstructions over navigable waters shall be determined by the field party 
and the data shown on the smooth sheet and included in the Descriptive Report. (See 
also 7846.) 

The shore ends of all submarine cables shall be located and shown on the sheets 
(see 7847). ' 

384. CHARACTER OF THE BoTTom 

In all hydrographic surveys, the character of the sea bottom shall be determined 
at frequent and regular intervals throughout the project area to meet the needs of navi- 

gation and for other purposes. This applies particularly to harbors and anchorages 
and in all depths where vessels may anchor. 

Data on the character of the sea bottom are of value to the mariner in choosing 
the most suitable place to anchor, where he may expect to find the best holding ground, 
and what areas are free of rocks. In some instances, bottom data may still be help- 
ful to him in determining his position, although generally their value for this purpose 
has decreased because of the increasing use of echo-sounding apparatus in navigation. 
They are of value in connection with dredging operations in harbors and channels and 
for any underwater construction. Fishermen utilize such information in selecting 
places where fish are likely to congregate and in avoiding types of bottom which may 
damage their nets or equipment. And for the students of the earth sciences, bottom 
data secured in deep water add to the knowledge of that part of the globe covered by 
water. 

3841. Methods of Determination 

Knowledge of the character of the bottom is obtained in two ways; first, by bring- 
ing to the surface for examination a specimen or sample of the bottom material; and 

second, by determining the consistency of the bottom material by the feel of the 
leadline. 

There are two general methods for bringing samples to the surface. The more 
usual of these is by filling a cup-shaped depression in the bottom of the sounding lead 
with tallow or soap to which a specimen of the bottom material adheres when the lead 
strikes the bottom (see 4664). For types of bottom material which will not adhere to 

the lead, a specially devised snapper with two spoon-shaped jaws closed by a spring is 
used (see 4761). In oceanographic work special instruments which dig out and retain 
a comparatively large core are used (see 476). 
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Each method has its own advantages depending on the depth and the character 

of the bottom. Fine sand will adhere readily to an armed lead, but is likely to be 
entirely washed out from a snapper, especially if small pebbles or shells are mixed 
with the sand and are caught between the jaws, holding them partly open while being 

hoisted to the surface. Soft mud will scarcely adhere to an armed lead at all, but an 
excellent sample of it may be obtained by the use of a snapper. 

Neither the armed lead nor the snapper will secure specimens of a rocky bottom 

and the best possible indications of this are the feel of the leadline after the lead strikes 
the bottom and abrasions which may be found on the bottom and sides of the lead. 

It must be realized that the specimen obtamed on an armed lead is from the 

surface layer of the bottom, which may be of very different character from that 

immediately beneath. 

In addition to an examination of the specimens brought to the surface, leadsmen 

and sounding-machine operators must be taught to gage the consistency of the bottom 
material by feeling through the leadline or the wire the way in which the lead strikes 

the bottom. 

The data on bottom characteristics determined during the sounding must be sup- 

plemented by examinations of the material brought up on the flukes of the anchor or 

on buoy anchors and these data should be recorded in the Sounding Record with their 
positions given as closely as known. 

3842. Frequency of Bottom Characteristics 

When sounding with a handlead, the character of the bottom should generally be 

determined on every fixed position and must be determined at least once on each page 

of the Sounding Record. In harbors, anchorages, and channels the coverage should 

be more complete than is necessary elsewhere. Along the open coasts and in large 
bays and similar areas where tests have indicated that a sameness of bottom material 
is to be expected, a lesser number is required. 

An attempt shall be made to determine the bottom characteristics on each shoal 
and bank within the range of visual fixes. On off-lying shoals and banks of 50 fathoms 

or less beyond the range of visual fixes, such bottom characteristics shall be determined 
as are practicable in each case. If of exceptional importance one or more survey buoys 
may be located for use in referencing spot stops for the purpose of obtaining bottom 

data, especially if survey buoys are being used in the hydrographic control of the area. 

When soundings are taken by machine and wire, the character of bottom shall be 
determined at least at each position, and if the soundings are,in comparatively deep 
water and widely spaced, a determination should be made at each sounding. 

Since the use of echo sounding has become more prevalent in hydrographic sur- 
veying, the character of the bottom cannot be determined with the ease and frequency 

it could when handlead and wire soundings were more commonly used. When a re- 
survey is being made of an area where sufficient determinations of the bottom were 
made during a prior survey, it will be sufficient to test a small percentage of these to 
determine whether there have been any changes, and if not, the coverage of the prior 

survey in this respect may be considered a part of the coverage required for the new 
survey. 

Echo-sounding surveys of harbors, anchorages, shoals, and banks in areas where 
the hydrography is controlled by visual fixes shall be followed by a second coverage 

of the area during which spot stops are made to secure the information relative to 
bottom characteristics. Supplemented by data from prior surveys, the coverage in 
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such areas must be sufficient to show the character of the bottom throughout the entire 
area, including a demarcation of the limits where one general type of bottom changes 
to another. In depths suitable for anchoring, a knowledge of the consistency of the 
bottom is more useful than the descriptive characteristics or the color of the bottom 

material. 
In offshore areas surveyed by echo sounding, controlled otherwise than by visual 

fixes, as many well-distributed bottom characteristics shall be determined as practi- 
cable without additional cost or additional stops during actual sounding. Bottom 
characteristics shall be determined whenever the vessel stops for any reason whatsoever 
within the project area if the information can be obtained during the period of time the 

vessel is to be stopped. Bottom characteristic determinations shall be made in con- 
junction with each serial temperature and each vertical cast. They shall be made at 
each anchorage of the vessel on the working ground and at the position of each survey 

buoy. Such bottom characteristics shall be recorded in the Sounding Record, accom- 

panied by the position data and by a short statement of the vessel’s activities at the time. 
If a fixed position is impracticable, dead-reckoning data from a known position should 
be given. 

An attempt shall be made to cover the area as uniformly as practicable with bottom 

characteristic determinations, as outlined above, and the determinations which are 

made at times other than during sounding shall be indexed on page 2 of volume 1 of the 
Sounding Records. 

During echo sounding, bottom specimens can frequently be obtained from a vessel 

underway by the use of a power-driven sounding machine and stranded wire where the 
depths do not exceed 50 fathoms. — 

To ensure a determination of the bottom characteristic at each stop in an echo- 

sounding survey, a snapper or other adequate bottom sampler should be used if there 

is the slightest evidence that the bottom material is such that it may be washed from 
the sounding lead. . 

In submarine valleys and canyons and other unusual submarine relief of interest 
to scientists as well as mariners, a special effort shall be made to determine bottom 
characteristics more frequently than would be considered necessary in other areas of 
sunilar depth. 

3843. Classification of Bottom Characteristics 

Descriptions of bottem types are of most value to the mariner and the scientist if 
they follow a standard classification and utilize standard abbreviations. The latter 
are furnished in part “S” of the Symbols and Abbreviations chart (see fig. 189). Descrip- 

tive terms needed, which are not included in the chart, should be written out in full. 

A complete description of a bottom characteristic consists of three parts: One or 
more adjectives descriptive as to size or consistency; one or more adjectives designat- 
ing color; and one or more nouns naming the class of bottom material, the abbreviations 
of which are always capitalized. These are to be arranged in the following order: 

- Descriptive adjective, color, noun. (See also 783.) 

3844. Types of Bottom Material 

The marine deposits commonly encountered by hydrographers in coastal surveys 

are sediments composed chiefly of terrigenous material with which may be mixed one 
or two other constituents. The several constituents may be briefly described as follows: 

a. Terrigenous material.—These are derived from erosion of the land, and consist of rock fragments. 

and mineral particles from the size of boulders down to colloidal dimensions. Terrigenous material 
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comprises most of the sediments on the continental shelves and slopes, and also occurs in parts of the 
ocean deeps adjacent to land. 

b. Organic material.—Remains of animals and plants, common in many areas near land. 

c. Volcanic material.—Debris from volcanoes, rare except in volcanic regions. 

d. Chemical material.—Material deposited chemically or formed on the sea floor by chemical 

action. Included are phosphatic nodules, manganese nodules, and glauconite. The last is common 

in many areas near land. 
3845. Classification of Sediments 

The basis for the classification of sediments is the size of the particles composing 
them. For a precise typing a mechanical analysis is necessary, but this is ordinarily 
impracticable in hydrographic surveying. 

Sediments may be generally classified into three main groups: (a) sands, (b) those 
finer-grained than sand, and (c) those coarser than sand, 

Sand is generally easily recognized; even the finer-grained sands feel gritty when 
rubbed with the finger on the palm of the hand, and if scattered when dry, will separate 
into grains easily visible to the naked eye. When mixed with water in a test tube it 
sinks rapidly, usually in less than 1 minute, and is to a noticeable degree conductive of 
water. 

Technically there are two gradés of sediment finer than sand. These are sit and 
clay. Because of the frequent difficulty in distinguishing them without special appara- 
tus, for practical purposes they are often both classified under the general term mud. 

When the grains are finer than 0.05 mm in diameter, they have lost the physical proper- 
ties of sand. The specimen no longer feels gritty when rubbed in the fingers, and if 
dropped on a hard, level surface, the grains will not separate, but will congregate into 
small heaps. Several minutes are required for the particles to sink in water to the bot- 

tom of a test tube. Clay is a finer-grained deposit than silt. Sediments composed of 
clay are stiff in nature and sticky to the touch. Ooze is very soft or ooze-like. 

Sediments are variously typed according to the size of the particles composing 
them. There is no exact agreement among scientists as to classification but the follow- 

ing tabulation will serve as a gage for classification of the sands and coarser particles. 
It is not intended that the dimensions be measured. A careful estimation by eye is 
satisfactory. Sand grains are easily visible and their relative coarseness can be closely 
estimated with a little practice. 

TaBLE 7.—Sediments classified by size 

Sediment Diameter of grains 

Approximate 
In millimeters equivalent in 

inches 
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Sediments generally do not consist of particles of one size; sand is commonly mixed 
with gravel or shells, and mud with sand. If the deposit consists almost entirely of one 
constituent, only one noun should be used; but if it consists of two or more constituents, 
the name of the dominant constituent shall be placed first, followed by the other or 
others as accessories. Thus, if a deposit of mud contains a considerable proportion 
of sand, it should be recorded as M S (mud, sand); if a mud deposit contains shells, it 
should be recorded as M Sh (mud, shells). If a deposit consists of shells or coral so 

broken and ground up that the general size of the particles corresponds to that of 
sand, it should be recorded as sh S (shell sand) or co S (coral sand); in this case the 
words shell and coral are descriptive and their abbreviations should begin with 
lower-case letters. 

If a specimen contains specks of contrasting color or size, the abbreviation Sp, 
immediately preceded by any descriptive terms, should follow the term designating the 
type of deposit. 

3846. Nature of Bottom Materials 

The nature, such as soft, hard, sticky, stiff, or the size, as coarse, fine, etc., of the 

materials is indicated by an adjective preceding the noun. The abbreviations of the 
adjectives shall always begin with lower-case letters. The usage of most of the terms 
is self-evident. 

When the consistency of the bottom material is determined by feeling only, without 

an examination, it shall be described by one of the adjectives, such as sticky, hard, or 
soft, unaccompanied by a noun indicative of the material. Nouns shall be used only 
when the bottom material has been visually examined. The use of the term rocky is 
to be avoided in this respect; the term hard should be used instead in all cases where 
applicable. The term rocky may be used when it is known that the bottom is bedrock 
or consists of a material larger than gravel but no specimen can be secured for examina- 

tion. The term broken should be used as a modifying term to describe the condition 
of shells or coral. (See also 783.) 

3847. Colors of Bottom Samples 

The color of the specimen should always be noted while it is wet, as the color of 
some sediments is different when dry. The terms dark and light should never be used 
alone; they are intended for use in qualifying the intensity of a given color, as for 
example, light gray, dark green. Where the color of the specimen is best described 

by a combination of two colors, it may be done by hyphenating the two colors, the 
predominant one being placed last, as yellow-green. 

Unfortunately, color perception differs considerably in individuals so that uni- 
formity is difficult to achieve. For best results two or more individuals should examine 

and agree as to the color of the specimen. - 

3848. Geographic Distribution of Deposits 

Close to shore and on the continental shelf the marine deposits generally consist 
of sands, gravels, and muds, with which are frequently mixed the remains of animals 
and plants. These are the sediments which are defined in 3844. They are usually 
found in depths of less than 100 fathoms, and within an average distance of 75 miles 
from land. 

465382—44—91 



385 HYDROGRAPHIC MANUAL E Pace 306 

Beyond the above zone to approximately 200 miles from land, the ocean bottom 

deposits are still considerably influenced by the nature of the adjacent coast, and in 
these deeper areas, down to about 1,000 fathoms, which we may consider on the conti- 
nental slope, the deposits consist principally of blue, green, and red muds formed by 
the deposition of the finest clays which have been carried to the sea by rivers. The 
shells of marine animals are also found in these deposits. The different colors result 

from the presence of various minerals. Fine bluish-black or blue muds are most fre- 
quent, although green mud also occurs frequently. Red muds are relatively rare. 

In oceanic areas remote from land, the deposits consist principally of the 
remains of organisms living in the ocean, in which are to be found small quantities 
of wind-carried volcanic debris and very fine terrigenous materials. The principal 
types are: 

Globigerina Ooze occurs at an average depth of 2,000 fathoms, most commonly within the range 

from 1,200 to 2,200 fathoms, although it has been found from 400 to 3,000 fathoms; it is the char- 

acteristic deposit in the Atlantic Ocean. It consists principally of the debris of the minute calcareous 

shells of the Foraminifera, especially the globular form Globigerina of characteristic shape. It is 

dirty-white in color when dried. 
Radiolarian Ooze is abundant in the Pacific Ocean, occurring at an average depth of 2,900 fathoms, 

most commonly within the range from 2,000 to 5,000 fathoms. It is not found in the Atlantic Ocean. 

It is nothing but red clay containing a large number of the minute siliceous skeletons of Radiolaria, 

a group of the Protozoa. It is frequently mixed with the principal constituent of globigerina ooze, 

but this latter is rarely found in deposits in the greater depths. Its color is red or dark brown; it is 

less plastic than red clay alone. 

Diatom Ooze is found at an average depth of 1,500 fathoms, in a range from 600 to 2,000 fathoms. 

It is found extensively in the Antarctic Ocean and in the North Pacific Ocean.~ It consists of the 

siliceous remains of a primitive group of microscopic plants, with which clay and Radiolaria are 

commonly found. It is white in color. 

Red Clay is the most characteristic and widely distributed oceanic deposit, occurring in depths 
greater than 2,225 fathoms and in the greatest depths of the oceans. It is formed almost entirely 

of insoluble residues, consisting of wind-blown dust, generally of volcanic origin, which by a long 

process of decomposition form red clay. In the North Atlantic the color is brick-red, owing to the 

presence of iron oxide. The calcareous and to a large extent the siliceous materials, which charac- 

terize the oozes, are gradually dissolved as they sink slowly to the ocean bed and so are rarely present 

in these depths. 

385. DescriIPTIVE REporT AND Coast Pitot NoTes 

It is obvious that satisfactory Descriptive Reports of hydrographic surveys cannot 
be written from memory after the completion of the survey, nor by a person who was 
not in charge of the actual field work. 

A daily journal shall be kept by each hydrographer in which a complete set of 
notes is made concurrently with the progress of the survey. The notes'should include 
information about the various items required in Descriptive Reports (see 842), but in 
no case should they take the place of remarks and miscellaneous entries properly 
belonging in the Sounding Record (see 815). 

In some cases extenuating circumstances may justify the omission of a sounding 
line, a deviation from standard methods, an apparently incomplete development, etc. 

A complete record should be made of such circumstances by the hydrographer while 
they are fresh in his mind. 

Occasionally, for one reason or another, it is impracticable for the hydrographer to 

write the actual Descriptive Report, or the hydrographic smooth sheets may have to be 

plotted under the supervision of some individual who did not have personal knowledge 
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of the field work. In all such cases the daily journal of the hydrographer making the 

survey is invaluable. 
Such a journal should, of course, be neatly made from rough memoranda accumu- 

lated during the day. As the survey progresses, earlier entries should be reviewed 
from time to time and any which are finally inapplicable should be carefully ruled out 
or the entries restated as necessary. Each entry should be initialed by the person who 
made it and each journal accompanying an unplotted or incompletely plotted hydro- 
graphic survey or partial survey to be completed by another party should be authen- 

ticated by the Chief of Party. 
After the complete Descriptive Report has been prepared, journals or notebooks 

which have served their purpose can be destroyed. 

During a hydrographic survey each hydrographer should keep a journal in which 
notes and memoranda are entered for use in compiling the general coast pilot report 

at the end of the season (see 159). . 

39. SPECIAL TYPES OF SURVEYS 

391. WireE-DRAG SURVEYS 

Sounding, in rocky regions, even where the sounding lines are closely spaced, is 

insufficient in itself to ensure that all existing obstructions, pinnacle rocks, boulders, 

and ledges have been found and that the least depths over them have been determined. 
Before such areas can be considered to be thoroughly surveyed they should. be 

wire dragged. In many cases, owing to the high cost of wire-drag surveys, thorough 
coverage and development by sounding has to be considered sufficient, at least tempo- 
rarily. It must be borne in mind, however, that the only positive way to find the 

highest point of, and the least depth over, a rock or pinnacle whose top cannot be seen, 

is by means of the wire drag. 
For the final examination of such areas, the Coast and Geodetic Survey has devel- 

oped an apparatus known as the wire drag, consisting of a horizontal wire which is 
towed through the water by a vessel at each end, and which will strike or hang on any 
obstruction rising above the depth at which it is set. The wire is maintained in a 
horizontal position at any desired depth below the surface by means of weights sus- 
pended from floating buoys by cables and by submerged floats attached to the wire 
at regular intervals. The depth of the wire below the surface can be varied as desired 
by the upright cables between the weights and the surface buoys, as the cables are 
wound on reels mounted on the tops of the buoys. 

The wire sweep is a modification of the wire drag for use in regions where the 
general depths are considerably deeper than the depth to be verified and where few, if 

any, obstructions are to be expected. The buoys are much farther apart than in the 
drag, and no provision is made for varying the depth of the wire while dragging or for 
preventing the sag of the wire between buoys. 

Wire-drag surveys are ordinarily executed by parties especially organized for the 

duty and the vessels used have often been built for this kind of work. But the survey 
ships and the larger auxiliary vessels are equipped with a short wire drag, 2,000 to 

3,000 feet long, utilizing standard equipment. On the survey ships the buoys are 

stowed in racks on the upper deck and are kept ready for use at all times; the remainder 

of the equipment may be stowed in the most convenient place but it must be kept 
clean, dry, and free from rust. The wire drags for the auxiliary vessels are usually 
stored on shore until needed. 
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The construction and operation of the wire drag and sweep are described, and 
instructions for wire-drag surveys are contained, in Special Publication No. 118. 

392. SURVEY IN ADVANCE OF CONTROL 

When, in exceptional cases, it is advantageous to carry on hydrographic or topo- 
graphic surveys simultaneously with or in advance of the triangulation, the work must 
be planned with the view of ultimate compliance with the control specifications. In 
order to save time or to utilize the services of all of the party at the beginning of the 
season, preliminary locations of the control stations may be determined by sextant cuts 
or three-point fixes for use on the boat sheet. It is to be understood that the stations 
will finally be accurately located and these positions used on the smooth sheet. If 
the preliminary locations are so weak as to cast doubt on the adequacy and coverage 
of the survey, the work should be replotted in ample time to permit additional field 
work before the party leaves the field. 

Likewise with a topographic survey in advance of the triangulation, the methods 

used should be planned so that the ultimate result will comply with the control specifica- 
tions. In an area where the coastline is regular, usual traverse methods may be used on 
a sheet without projection, to which a projection is added after several of the stations 
within the area have been accurately located by triangulation. This can be done only 
where there is reasonable assurance that any discrepancies are the result of accumulated 
systematic errors. A projection can be applied to such a sheet by one of the methods 

described in 737. For topographic surveys of complicated areas, final acceptable results 
can be obtained only by the subsequent location by triangulation of a comparatively 
large number of the control points. A new projection must be made on which these 
common control points are plotted and to these the details from the original sheet must 

be transferred, area by area, and adjusted. 

393. IsoLATED HAarBorR SURVEY 

It is sometimes desirable to survey an anchorage or a harbor in an unknown region 

in advance of the regular survey of the area and prior to the establishment of the 

permanent control. 

A method of establishing local control by planetable triangulation is described on 

pages 51 and 52 of Special Publication No. 144, Topographic Manual. This may also 

be done by sextant triangulation. The stations thus located may be used to control 

a survey of the harbor and its approaches to any extent desired. ‘The data so obtained 

if based on local astronomic observations can be used for the construction of a prelim- 

inary harbor chart. If it is expected that permanent control will be extended into 

the region within a reasonable time, some of the stations used should be permanently 

marked for subsequent connection with the general control scheme. 

If time does not permit a complete survey of an isolated harbor, a partial recon- 

naissance survey can be made by less accurate methods. A few signals erected on 

salient points or a few buoys anchored and located by cuts may serve as the control. 

The survey should include a measured base, and in lieu of one measured by tape, a 

stadia or taut-wire distance will suffice. A meridian should be established, and in lieu of 

more accurate methods, a sun azimuth may be measured by sextant. 

The shoreline and topographic details may be sketched with reference to the 

located stations from the sounding boat during the hydrography. The part of the area 
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to be recommended as an anchorage should be sounded thoroughly, the soundings in 
other parts being frequent enough to give a general idea of the depths. 

The methods described under this heading should be used only as a last resort and 
when lack of time prevents the use of more accurate methods. 

394. RECONNAISSANCE SURVEY 

A reconnaissance survey is a hasty preliminary survey of a region made to provide 
some advance information regarding the area which may be useful pending the execution 

of more complete surveys. Such a survey is made in a rapid manner, frequently covers 

an extensive area on a comparatively small scale, and is almost invariably uncontrolled 

by triangulation. The resulting survey is frequently no more than a sketch of the area, 
and if soundings are made these are sparse and give only the most general idea of the 
depths of water in the area. 

The resulting map or chart from such a survey is merely a sketch map and, if 
published, the representation should not be shown with exactness in a manner to mis- 
lead the user. The legend of such a map or chart should indicate clearly its quality. 

3941. Running Survey 

Practically all surveys executed by the Coast and Geodetic Survey are parts of an 
accurately controlled systematic survey of an area. However, in an unknown region 
far from established control, a running or exploratory survey may be resorted to which 
will serve at least to determine the general form of the coast and the character of the 

area, and serve as a reconnaissance for the extension of control into the area and the 
thorough survey to follow. The results are far from accurate but they do give a 

rough and superficial examination of an extensive area when time does not permit a 

more detailed survey. The use of a large scale is unwarranted—a scale of 1:100,000 
or smaller will usually suffice. 

As the accuracy of the survey depends almost exclusively on the dead reckoning, 
the errors of the logs and compasses must be accurately determined in advance and 

the corrections must be carefully applied when the results are plotted. If a taut-wire 
apparatus is available it may be used to obtain an accuracy in distance impracticable 
by the use of logs. The accuracy of the courses may sometimes be improved by running 

the successive courses on ranges selected from time to time, as for example, the tangent 

of an islet in range with a distant peak. 
In a running survey the ship steams along at a safe distance from the coast, its 

position being fixed by dead reckoning and astronomic observations. Soundings are 
taken at the same time. As the ship proceeds along its course, angles and bearings are 
measured to all identifiable points on the coastline and to conspicuous objects inland, 
the clock times of the various observations being recorded to correlate the data with the 

dead reckoning. All off-lying islands, islets, and rocks should be located and their 
shapes comparatively well delineated. All prominent poimts along the coast should 
likewise be located and, where practicable, occasional locations should be made in the 
bays and indentations between the points, although often the detail between the promi- 

nent points will have to be sketched. 

The best results are obtained by the use of a moderate and constant speed with as 
few alterations in course as practicable and without stopping the vessel to make any of 
the observations. 
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A minimum of three or more directions should be observed to each object as a 
check both on the accuracy of the work and the identification of the object. It must 
be expected that these directions will usually not intersect at a point, but the triangle of 
error shoud be small enough to ensure that the observations have been taken to the 
same point and that there will be little difficulty in selecting an acceptable position. 

Rapid sketches, made at the different positions, of the details to which the observations 

were made will be of material assistance in correcting and adding to the data when 
plotted. 

If the depths permit, a still more accurate and complete running survey may be 
based on a series of buoys anchored by the ship during its dead-reckoning line, the 

distances and azimuths between them being measured by taut wire and sun azimuths 
from the ship. After this line of buoys is in place and their positions are available, a 

hydrographic survey of the area and a survey of the shoreline to any extent may be 
carried out. 

Each running survey should start and end with a fixed position. Such positions 
can rarely be related to the basic control; generally they are based on astronomic obser- 
vations. When the astronomic observations at the ends of the line and during the dead 

reckoning have been computed and positions have been determined, all of the data 
should be replotted and readjusted to these positions. 

The amount of detail to be obtained during a running survey will depend on the 

amount of time available. Additional detail, especially of the inshore area, may be 

obtained by employing a launch in conjunction with the ship to sketch in the smaller 
detail, the position of the launch being located from time to time with reference to the 
ship at a prearranged signal between the two. The launch itself may run a dead-reckon- 

ing course which is related to the ship’s dead reckoning, taking soundings at the same 
time. Better results are probably obtained by dispensing with the sounding and letting 

the launch proceed at will to various strategic points where it stops to measure angles 
and sketch in detail, each position of the launch being referred to the ship’s dead 

reckoning. 

All of the observations should be recorded and all bearings and angles should be 

plotted at the time they are observed in order to detect any errors in identification or 

measurement while the detail to which the observations were made is still in view. 

In making a running survey a number of observers and recorders are essential and 

the various phases of the work must be divided between them so that each has a definite 

duty to perform and not more than he can do efficiently. One observer usually 
takes astronomic observations and supervises the dead reckoning; two or more may be 
employed in identifying shore objects and measuring angles and bearings to them; 

another may be employed in identifying various hills and summits and measuring hori- 
zontal and vertical angles to them. ~One person experienced in that kind of work 

should make sketches of the coast which may be related later to the points which have 
been located. 

Regardless of the method used in a running survey or the accuracy attained there 
will be discrepancies in the results and the hydrographer has the problem of effecting a 
satisfactory compromise, which can best be done only by one who has had long experi- 

ence in this type of survey. 
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CHAPTER 4. EQUIPMENT AND INSTRUMENTS 

41. SURVEY SHIPS AND AUXILIARY VESSELS 

The modern survey ships of the Coast and Geodetic Survey are steam or motor 
vessels approximately 200 feet in length, with facilities to accommodate a complement 
of 10 to 20 officers and 60 to 70 crew. This personnel is sufficient to operate three or 
four launch hydrographic parties, two or three topographic or triangulation parties, 
and be engaged in ship hydrography simultaneously. The storage space is sufficient 
to carry a 6 months’ supply of materials and equipment for survey operations, and pro- 
visions consisting of frozen vegetables and meat, canned goods, and other food staples. 
The fuel and water capacity enables the ship to remain for periods of 3 to 4 weeks on 

a working ground distant from port. 

The survey ships of the Coast and Geodetic Survey are listed in table 8 with 
dimensions and particulars tabulated with appropriate notes. 

Each ship is designed and equipped to enable the survey party aboard to operate as 
a complete and independent unit for combined operations and in offshore and remote 
areas. On the working ground the ship is used to survey the greater part of the off- 
shore hydrography, in addition to serving as living accommodations for topographic, 
triangulation, and launch hydrographic subparties which work independently from the 
ship during the davtime. Equipment is carried for the establishment of one or more 
shore parties, which are often supplied at regular intervals. Many other operations, 

through which data for the compilation of nautical charts are obtained, are performed 
by the personnel on board the vessel. 

Auxiliary vessels of the Coast and Geodetic Survey are designed to operate inde- 

pendently or in conjunction with a survey ship. The larger vessels have sufficient fuel 
and hold capacities to remain on the working ground for periods of at least 2 weeks and, 
in general, are small models of the larger survey ships. Some of the smaller auxiliary 
vessels are equipped for wire-drag surveys in addition to the more usual hydrographic 
surveys. Auxiliary vessels are generally used for surveying in protected waters and, 

if operated independently, not far from a shore base or headquarters. 

The dimensions and particulars of the auxiliary vessels of the Coast and Geodetic 
Survey, in. 1942, are contained in table 9. They range from 52 to 98 feet in length and 
generally contain living accommodations for sufficient personnel to operate them for 
hydrographic surveys and an additional supplemental unit engaged in topography, 

triangulation, or small-boat hydrography. 

411. GENERAL DESCRIPTION OF A SURVEY SHIP 

A well-designed survey ship has suitable quarters for officers and crew, ample 
storage space for supplies, and efficient apparatus for carrying, lowering, and hoisting 

survey launches and small boats. A well-lighted and fully equipped drafting room and a 
large well-equipped pilothouse are essential in hydrographic surveying, and there should 
be suitable spaces for the installation of sounding and position-finding apparatus. The 

propelling machinery and deck machinery are subjected to hard usage and should be of 
sturdy construction. 
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FIGURE 68.—General plan of a survey ship. 
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The bridge is the most important part of a ship used for hydrographic surveys and, 

since so many observations are taken from it, it is necessary that there be as clear a view 
from it as practicable all around the horizon. The pilothouse is the control station 
where all survey operations are conducted or from which they are supervised, and it is 
obviously important that it be suitable and spacious. 

In all hydrographic surveys, except those controlled by R.A.R., the pilothouse or 
bridge is where the positions are plotted on the boat sheet and the soundings and con- 
trol are officially recorded, in addition to the usual navigation which is performed. In 
hydrography controlled by visual fixes, all sextant angles are observed from the bridge 
or the flying bridge. The echo-sounding instrument is usually inside the pilothouse, 
the wire sounding machine is on the bridge just outside, and the handlead sounding 
platform is on the wing of the bridge. In hydrography controlled by R.A.R., many of 
the details are performed in the radio room and drafting room. 

During hydrographic surveys various personnel are in the pilothouse and on the 

bridge, all of whom are busily occupied with operations which must be performed 
quickly and accurately. In order that these operations may be efficiently performed with 
a minimum of confusion, it is essential that the pilothouse and bridge be especially 
designed for hydrographic surveying and that they be fully equipped and conveniently 
arranged with the most modern navigation and survey equipment and instruments. 
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FIGURE 69.—Pilothouse of a survey ship. 

A well-designed pilothouse has several doors to provide convenient access to all 
parts of the bridge and to the radio room if it is adjacent, and an inside passageway to 

the main part of the ship. It contains chart cases and racks conveniently located fo1 

charts, boat sheets, and tracings. The chart cases have table tops on them on which 
charts and boat sheets may be spread for use in navigating and plotting. A desk is 

provided for the use of the recorder during hydrographic surveying and the navigator 

at other times. ‘The desk is specially constructed to house the chronometers under a 
glass top, and contains drawers for books, tables, and nautical publications. Numerous 

lockers or cabinets are provided in which the sextants, binoculars, protractors, flags, 

etc., are stowed when not in use. To provide a working area for navigation and R.A.R. 
hydrography at night, the pilothouse is arranged so that the after portion, including 

the echo-sounding instruments and one chart case, may be blocked off by an opaque 

curtain. 
In addition to the customary navigation and control equipment, the bridge of a 

survey ship contains the following special or specially used survey instruments and 

equipment: ; 

(a) Two echo-sounding instruments for alternate use in ship hydrography; at least one of these 

should be a Dorsey Fathometer No. 3. 

(b) A gyrocompass and pilot for steering sounding lines in R.A.R. and astronomically controlled 

hydrography. 

(c) Two electric sounding machines, one on each side of the bridge, for vertical casts, water 

samples, and bottom specimens. 

(d) A gyro repeater on each wing of the bridge for use in taking bearings. 

(e) Electric push-button bell for use in marking fixes or signaling other hydrographic operations. 
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(f) A loud-speaker system for two-way communication between the pilothouse and various parts 

of the ship; this is especially useful during taut-wire measurements, R.A.R., and other survey opera- 

tions, and when hoisting and lowering survey launches and small boats. 

(g) A rangefinder and a gyro repeater on the flying bridge. 

Other equipment located on the bridge or in the pilothouse, which is only indirectly connected 

with hydrographic operations but deserves mention, includes a manually and electrically operated 

whistle and siren, radio direction finder (unless located in the radio room), clear-view screen, propeller- 

shaft revolution indicator, rudder-angle indicator, indicator for electric logs, telephone system, light- 

control switchboard, fire-control system with automatic smoke indicators, automatic alarm howlers, 

and control for operating the CO, fire-control system and for closing the watertight doors. 

4112. The Radio Room 

The radio room of a well-designed survey ship is located directly aft of the pilot- 

house, from which it can be entered by an interior door, and with which it is connected 

by telephone and speaking tubes. In addition to the usual ship radio communications, 
many operations connected with R.A.R. are conducted in the radio room. A 

chronograph installed here is used in R.A.R. 
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FIGURE 70.—Radio room of a survey ship. 

The radio room should be of sufficient size to accommodate without congestion the 

necessary radio equipment for survey use and ordinary communications. ‘The commu- 

nications equipment for code should consist of two transmitters and two receivers. 

One of the transmitters should be for intermediate-frequency communications, rated 
at 1,000 watts, and erystal-controlled to operate on 375, 400, 425, 454, and 500 kilo- 

cycles. The power to operate this transmitter should come from the ship’s power 
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supply, but for emergency purposes it should be capable of being operated at a reduced 

power of 50 watts from a 12-volt heavy-duty storage battery. The intermediate- 

frequency receiver should be battery operated, or a combination receiver operated 
from either a battery or alternating current. 

The second code transmitter should be a crystal-controlled high-frequency trans- 
mitter with a 150-watt rating. Two frequency-controlling crystals, one of 4135 ke 

and another of 4160 ke, should be provided in the transmitter. It should be capable 
of operating on the harmonics of both crystals, up to and including the third harmonic. 
Power to operate this transmitter should be from the ship’s power supply. The high- 
frequency receiver should have an approximate frequency range from 0.5 to 30 mega- 
cycles. It may be either a-c or d-c operated, although the former is usually preferred. 

In addition to the regular equipment, there should be an automatic S O S alarm 

and a ship-to-shore telephone. The radio room, or one adjacent to it, should have 

sufficient space for workbenches and stowage of tools, spare parts, and other equipment. 

The radio technicians, in addition to their routine radio duties, repair and keep in 
good order the echo-sounding instruments, radio direction finder, chronograph, etc.; 
build, repair, and service sono-radio buoys and R.A.R. shore stations; build and repair 
radio sets and attend to their installation in launches and camps; and design and 

develop, for use in survey operations, new instrumental equipment which involves the 
use of radio or electricity, and improve existing equipment. 

4113. Ship Drafting Room 

The importance of the drafting room on a survey ship is second only to the pilot- 

house and bridge, and because of the considerable amount and kind of work which is 
done in it, it is essential that it be ample in size and well lighted. \ 

The drafting room should be large enough to contain several drafting tables, a desk 
or two, a file case, and a rack for boat and smooth sheets. The drafting tables generally 
consist of table tops mounted on a base in which there are numerous large and medium- 
sized drawers in which to stow flat the smooth sheets, topographic sheets, drafting paper, 

charts, and maps; and for record books and small drafting instruments and equipment. 
The tops of the drafting tables are specially constructed of laminated selected white 
pine, 1% inches thick, stiffened on the underside, with kerfs to prevent warping. 

Where space permits, one large drafting table should be about 8 feet long for use 
in constructing large boat and smooth sheets and circle sheets (see 3741c). 

There should be bookshelves for the various manuals, tables, and reference books; 

and a locker conveniently accessible in which confidential data may be locked. 
The importance of the illumination cannot be overemphasized. There should be 

as many windows to admit natural light as practicable and a system of indirect light- 

ing or fluorescent lamps to eliminate shadows and to give near-daylight conditions at 
night. The latter is particularly important as a large amount of night work is necessary 
in connection with many of the hydrographic and survey operations. Improper light- 

ing strains the eyes, especially at night after they have been used all day. With the 
illuminating equipment now available an improperly lighted drafting room is inexcusable, 
and the use of lights of low wattage and the operation of the ship’s generator at a low 

voltage are considered false economy. They lead to expensive errors and inaccurate 
work. 
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FIGURE 71. Drafting room of a survey ship. 

4114. The Ship’s Office 

An independent room for a ship’s office is a valuable asset to a survey ship. The 
reports, accounts, and correspondence are important functions of any large party, and 
the work in connection with them can be more efficiently conducted in a room especially 
reserved for this purpose. Having to perform this type of work in makeshift quarters, 
such as the drafting room, wardroom, or staterooms, tends toward a perfunctory per- 

formance and increases the possibility of misplaced or lost papers and correspondence. 

The ship’s office should be located nearby and conveniently accessible to the Com- 

manding Officer’s quarters. It should be large enough to contain desks or tables for the 
accounting officer, the chief writer, and one or two assistants; a safe; and numerous ~ 

filing cabinets, shelves, and pigeonholes for an orderly and systematic conducting of 

routine and current duties. All furniture and fixtures should preferably be of metal 

construction. 

412. Sap “EXPLORER” 

The Lrplorer (see fig. 1) is probably the most modern survey ship afloat in 1941. 
The survey equipment is the newest and best available, and the construction is as 

completely fireproof as possible in a survey vessel. 



PaGeE 319 EQUIPMENT AND INSTRUMENTS 4121 

The principal specifications of the Explorer are as follows: 

REN 2 ENT OV CSI Sete eee ean ae ee we eee Be ee SA ee eee cen ee eee a See esa ees se Se 220 feet, 8 inches. 

Wenetunbeuwecn peLpenaictilarse soe. 6 eon Re ee ne coe See ea a See ee eee nae en eee eee 198 feet, 8 inches. 

IB read Gherng] ecdtee oe eee eee eee eae PPLE Lieu LON PE a ee Se ooh ee ee te 38 feet. 

Mepth molded storup per decks: 2 sees. - fa cee ee ee Sede a Se se ee es 23 feet. ° 

Draft, molded; mean load —-- === _------2 == _ == ee eer OO a Ee Ae a Se eee 15 feet. 

Displacement WlOAd 6d eat ne eee Be ee cc eee eS ek a ee oe See epee ee oe bean E ae 1,850 tons. 

BS Ee SU RTTOT SE 1. Oey CBee ea ee ee een 2,000. 
SPEC at ALOOM sia ITIRE be ee est een J RESTS eee te ee ete eh See ee te See 15 knots. 

KO RUNISIT OPE ACLS See eee mals Soe 8 ane ee eee ee PELE Bei oe SY 8 ek i oe See eee ee 8,000 miles. 

\ WAR IG ace Se Ss eS oe Ce JA So 38 See so ia ES eee 175 tons. 

TODEH OL 2 oe A ag aS Nt Ee ee ee ee oe en ee eee 320 tons 

TOWRSEY CT e ala yet B em i SI I I ae ee ee ee er 13 tons. 

GE ASOLINIG Spas = ae ae re AEE PS AE Ae Oh A et ee Ie seoee See eee ee 5 tons 

4121. General Description 

The ship is of all-steel construction, with a raked stem and cruiser stern, complete main and upper 

decks, a lower deck forward and abaft the machinery space, and a long superstructure deck. Double- 

bottom tanks, extending from the forepeak aft to frame 75, are subdivided for fuel oil and water. 

The forward tanks extend up to the lower deck, and the double-bottom tanks below the machinery 

spaces extend up the sides to the lower-deck level for bilge protection. Between frames 75 and 85 is 

a dry tank under the lower deck, aft of which is the afterpeak. 

The hull is subdivided by eight watertight bulkheads so arranged that the vessel is a two-compart- 

ment ship. Bulkhead plating and stiffeners are welded throughout. There are only three openings in 

the bulkheads below the upper-deck level and these may be closed by watertight doors of the sliding 

type, electrically controlled from the pilothouse, and in case of failure they may be closed from the 

upper deck by emergency hand-operated controls. 

The shell seams are riveted and the butts flush-welded. The deck plating is riveted to the beams; 

the seams and butts are welded. The decks have no sheer and only the upper and superstructure 

decks are cambered. Calked wooden decking is laid over the weather decks, fastened with galvanized 

iron deck bolts, cut to length, and welded to the deck. Through bolts are not used. The shell plating 

and decks are supported by a system of transverse framing, spaced 27 inches apart, and by transverse 

web frames and longitudinal girders. 

The propelling machinery consists of a steam turbine operating a single propeller through a 

double-reduction gear in a single case. Steam is provided by two watertube boilers, with a working 

pressure of 350 pounds per square inch with 200° Fahrenheit superheat at the superheater outlet. 
The engines and boilers are in separate compartments amidships. 

The electric plant consists of: two turbine-driven main generators, each of 50-kw capacity, 120-volt 

direct current, two-wire, compound-wound, arranged for parallel operation; a 25-kw d-c motor genera- 

tor, directly connected to a 40-hp a-c three-phase, 220/440-volt motor installed for the purpose of 

converting shore alternating current to 120-volt direct current for ship use during lay-up periods; a 

10-kw d-c Diesel generator for emergency use; and two 5-kva 60-cycle turbo-generators used in con- 

nection with the operation of echo-sounding apparatus, synchronized clocks, and other survey 

equipment. 

The evaporating and distilling plant has a rated capacity of 2,000 gallons of fresh water for 24 

hours. 

Accommodations are provided for 23 officers and 68 men. The living quarters are adequate, prop- 

erly lighted, heated, drained, ventilated, equipped, located, and arranged, all in accordance with existing 

rules of the United States Bureau of Marine Inspection and Navigation for new construction. The 

decks in the accommodation spaces are covered throughout with an approved latex-type deck cover- 

ing or ceramic tile. The furniture in general is of steel construction built to Navy Department 

specifications. 

A well-appointed hospital space suitably fitted with berths, toilet facilities, medicine lockers, 

X-ray machine, etc., is located at the main deck level. 

A mechanical ventilating-and-blower system provides 10 changes of air per hour in accommoda- 

tion spaces and 15 changes per hour in toilet, galley, and hospital spaces. The ventilation of living 

quarters is provided by four supply and four exhaust fans and the machinery spaces are ventilated 

by two supply and one exhaust fan. Designated spaces are heated by tempered outside air. 
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The galley and pantries are completely outfitted with steam tables, cupboards, cabinets, etc., 

whose exposed metal parts are generally of Monel metal, as are also the sinks and bulkheads back 

of the galley range and around the steam pressure cooker. The galley and pantry equipment includes 

an oil-burning galley range, an electric range, refrigerators and water coolers, electric mixer, electric 

vegetable peeler, etc. 
The refrigeration system is of the automatic direct-expansion type, using Freon as a refrigerant. 

The entire interior of the storage spaces is lined with Monel metal, which is sanitary, easily cleaned, 

and lasting. Glass wool in block and blanket form is used to insulate the refrigeration spaces. 

A combined carbon-dioxide fire-extinguishing and smoke-detecting system with smoke detectors 

at the CO, outlets, provides fire protection for machinery spaces and in dangerous fuel compartments. 

In addition, there are 42 thermostatic detectors, connected to the fire-alarm system, provided in the 

various storerooms, lockers, and hold spaces on the upper, main, and lower decks. 

The water system is served by two duplex steam, fire, and wrecking pumps. Portable fire 

extinguishers, fire axes, breathing apparatus, flame safety lamps, etc., are provided at strategic places. 

Magazine flooding is provided. 

The ship is equipped with several types of interior communication. In addition to the usual 

voice tubes, call bells, and telegraphs, there is a loud-speaker system designed to provide for general 

announcements from the pilothouse to various parts of the ship, to provide two-way conversation 

between the pilothouse and any of the talk-back speaker stations, and to provide for the amplification 

of an alarm siren over all of the loud-speaker system. A sound-powered, selective ringing, marine-type 

telephone system is installed to provide interior communication throughout the ship, with an acoustic 

telephone booth installed in the engine room. 

4122. Equipment of the “Explorer” 

The bridge and pilothouse of the ship Explorer are equipped with navigation and survey in- 

struments of the latest type and design for accuracy and precision. The Sperry gyrocompass system 

comprises a master compass, a steering repeater, two bearing repeaters, a radio-direction repeater, 

a course recorder, and a gyro pilot. The magnetic compasses, compensating binnacles, and a special 

1-meter rangefinder to fit the gyro repeater on the flying bridge, are standard United States Navy 

equipment. 
Three echo-sounding instruments—a Dorsey Fathometer No. 3, a 312 Fathometer, and a Veslekari 

depth recorder—are installed in the pilothouse. Two electric sounding machines, one an LL-type 

using stranded wire and the other a deep-sea type using piano wire, are installed, one on each side of 

the bridge deck, and are used for vertical casts and to obtain bottom samples and water specimens. 

Among other electric survey and navigation equipment in or controlled from the pilothouse are 

two submerged Meridian logs, a taffrail log, a whistle, and a synchronized clock system. 

The installed radio equipment includes two radio transmitters for communication by code, an 

intermediate-frequency set and a short wave set; an automatic SOS alarm; a ship-to-shore radio tele- 

phone; and a radio direction finder. In addition there are two types of radiotelephones for use by 

detached parties; one is semiportable for use by launch parties and shore camps, and the other is 

portable for itinerant survey parties for communication with each other. The latter is intended for 

shoulder or saddle packing through rough terrain and in mountain climbing. The entire assembly 

of transmitter, receiver, power supply, and dry battery power source is contained in one carrying case. 

The transmitter is erystal-controlled and is designed so that it can be set up or dismantled in 3 minutes 

by personnel without technical radio knowledge. 

Survey equipment includes a taut-wite apparatus for measuring water traverses with great 

accuracy, and sono-radio buoys for use in R.A.R. controlled surveys. 

The launches and small boats carried by the Explorer are as follows: 

Four Diesel-powered 30-foot launches. 

Two gasoline-powered 24-foot whaleboats. 

Two nonmagnetic 24-foot whaleboats. 

Two 16-foot dinghies. 

Several Cape Cod skiffs and fisherman-type dories. 
The drafting room is equipped with four drafting tables, two typewriter desks, a file case, and a 

survey sheet rack. Each drafting table consists of a wooden table top permanently secured to the 

top of a metal case containing numerous drawers and compartments of various dimensions to hold 

charts, Whatman sheets, aluminum-mounted topographic sheets, small drafting instruments and 
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supplies, stationery, etc. In addition to the regular electric illumination of the room, a special 

fluorescent lamp of the daylight type is installed above each drafting table to provide near shadow- 

elimination. Two drafting tables, similar to those in the drafting room, are installed in the pilothouse. 

An adequate supply of theodolites, alidades, portable tide gages, sextants, protractors, binoculars, 

ete., of the latest types and design is included in the survey equipment. 

413. Moror VESSEL “E. LESTER JONES” 

One of the most modern auxiliary vessels of the Coast and Geodetic Survey is the 
twin-screw Diesel-powered wooden motor vessel EF. Lester Jones. The dimensions are 
an over-all length of 88 feet, a breadth of 21 feet, and a normal draft of 8 feet. The 

vessel is designed for an independent survey unit, equipped with all the essential items 

found in the larger survey ships, except that no power launch is carried. The comple- 
ment consists of 3 officers and 12 men. 

FIGURE 72.—Motor vessel E. Lester Jones. The EF. Lester Jones is 88 feet long, 21 feet beam, and § feet draft. Her complement is 3 

officers and 12 men. She operates as an independent unit. 

4131. General Description 

The hull is stoutly built, with keel, double flitch-frames, planking, ceiling, and decks of Douglas 

fir. All lumber has been pressure-treated with ‘‘Wolman”’ salts for protection against dry rot and 

decay. All hull fastenings are of Monel metal and others are bronze. There are four watertight steel 

bulkheads. 

The hull design is full with good freeboard, a straight stem, well-flared bow, and elliptical over- 

hanging stern. There is a large deckhouse and considerable open deck space. Some of the character- 

istics of a halibut schooner are embodied in this able, trim craft. 

The propelling machinery consists of two Diesel engines, each rated at 150 hp at 500 r.p.m. 

The vessel has a maximum speed of 10 knots, a cruising radius of 3,000 miles, and a fuel capacity of 
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4,460 gallons of Diesel oil. The engines are designed for fresh water cooling with heat exchangers. 

Located in the stack are surge tanks for the propelling Diesels and silencers for the main engine exhausts 

and the auxiliaries. 

Below deck are, from bow to stern, a forepeak and chain logker, a forecastle, engine room, ward- 

room, and lazaret. In the forecastle are 12 built-in berths for the crew. The engine room is 15% 

feet in length. In addition to the Diesel engines, it contains two 28-hp Diesel-powered auxiliary 

units, each consisting of an electric generator, an air compressor, a fuel-oil transfer pump, an all- 

purpose water pump, and a heat exchanger complete with fresh and raw water pumps. Both units 

are cross-connected to alternate their duties. The wardroom contains accommodations for three 

officers, various lockers, the Commanding Officer’s desk, and a table. 

On the upper deck, the pilothouse is in the forward end of the deckhouse. The crew’s messroom, 

extending the full width of the deckhouse, is located amidships, and aft of it is a complete galley, 

equipped with an oil-burning range. In the after end of the deckhouse are the cold storage compart- 

ment, a refrigerating room, and mess stores lockers. The companionway to the wardroom below is 

located amidships. 
There are two Diesel oil tanks and two fresh water tanks forward and two of each aft. The total 

fresh water capacity is 2,500 gallons. 

The fire-control system includes two automatic remote-control CO, extinguishing systems, one in 

the engine room and the other in the lazaret and paint locker. 

4132. Equipment of the ‘‘E. Lester Jones’’ 

The navigation equipment installed in the pilothouse of the EH. Lester Jones includes a photo- 

electric pilot for automatic steering (similar to a gyro pilot but actuated by a magnetic compass) and a 

radio direction finder, in addition to the standard equipment carried by vessels of this size. Visibility 

from the pilothouse in rain or heavy weather is aided by an electrically operated clear-view screen. 

Also installed in the pilothouse is a complete sending-and-receiving radio set. 

The sounding equipment consists of a Dorsey Fathometer No. 3 for echo sounding and an LL-type 

sounding machine with stranded wire for vertical casts. The former is located in the pilothouse and 

the latter on the port deck. 

In addition to the sounding equipment, the vessel is equipped with the usual survey instru- 

ments, including theodolites, alidades, portable tide gages, sextants, etc., of the latest types and design. 

Four small boats provided with outboard motors are carried; two 16-foot dinghies for lifeboats 

and two dories for landing parties ashore. The dinghies are stowed in chocks on the upper deck and 

the dories are carried on the afterdeck, being lowered and hoisted by a small boat boom. 

42. SURVEY LAUNCHES AND SMALL BOATS 

421. GENERAL DESCRIPTION OF SURVEY LAUNCHES 

Most of the launches used in hydrographic surveying are open or partly decked 
30-foot boats, propelled by internal combustion engines, with a maximum speed of 
approximately 8 knots, but which can be run continuously, without choking, at the slow 
speeds of 2 or 3 knots during the development of shoal areas. The launches are used 

for sounding inshore and for the development of shoals or shoalindications where a ship 
or auxiliary vessel cannot operate safely or economically. They are also used to trans- 
port shore survey parties to and from their work. Since the launches operate from a 
ship, camp, or shore headquarters, living accommodations and storage space for supplies 

are not required. 
Portable depth recorders are used for echo sounding from most survey launches. 

They reproduce a profile of the bottom in depths up to 160 fathoms and permit running 

the launch at fullspeed. This method of sounding has replaced the old handlead and wire 
methods to a large extent, and results in more progress and a more accurate survey. 
Many of the launches are also equipped for radiotelephone communication with each 

other, the mother ship, or shore parties. 
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When handlead and machine sounding methods are used extensively, a reversible 
propeller is desirable to eliminate much of the wear and tear on the clutch and reverse 
gear from the frequent stops required for vertical casts. The fact that the engine oper- 
ates at a constant speed whether going forward, astern, or at a stop, reduces carbon 
fouling to a minimum and hence makes the motor more dependable. This feature is not 
essential if the launch is equipped with a portable depth recorder, in which case the 
conventional propeller, which is more efficient, should be installed. 

A survey launch should be seaworthy, strongly constructed, and should have as 

much clear space in the cockpit as practicable. Most survey launches are hoisted and 

carried on board the large survey ships, but sometimes, through necessity, they are towed 
from place to place, especially where they are to be operated in conjunction with one of 
the auxiliary vessels, which cannot hoist them. 

There are two principal types of survey launches used by the Coast and Geodetic 
Survey. One is the United States Navy motor sailer with an open cockpit covered 
with a canvas canopy. The other has a similar hull but is partly decked, with two 

canopy-covered cockpits separated by a small deck at gunwale height for navigation 
and hydrographic survey operations. The standard length of both types is 30 feet, 
with a 3-foot draft. They are equipped with either gasoline or Diesel engines. Diesel 

engines are being installed exclusively in all new launches to eliminate the hazard of 
explosion and fire that is ever present when gasoline is used. The launches are con- 
structed with hoisting pads and rings and where they are a part of the ship’s equipment, 

they are stowed in chocks on the ship between periods of use. The launches have a 
lifeboat capacity of 24 to 30 men and a fuel capacity of 50 to 100 gallons. 

The open cockpit type of launch is preferable for transporting signal-building 
parties, camp supplies, lumber, and bulky supplies. The partly decked or enclosed 

launch with the engine in a separate cockpit is more suitable for hydrographic survey- 
ing since the various operations can be more efficiently conducted where they are sepa- 
rated from the engine compartment and motor noises. 

Shallow draft launches are used for hydrographic surveying in extensive shallow 
water areas. These afford adequate room for the personnel and necessary equipment 

of a hydrographic survey unit. The launches are 26 to 28 feet in length and their 
draft is not more than 10 or 15 inches when loaded. 

4211. Launch of Ship ‘Explorer’? 

One of the new launches of the Explorer is illustrated in figure 73. 

It has a length of 30 feet, width of 814 feet, draft of 3 feet, is of sturdy wooden construction, 

and is designed especially for inshore hydrography along exposed coasts. A 35-hp Navy-type Diesel 

engine propels the launch at about 7% knots at 1,400 r-p.m. 

The launch is decked over except for the two cockpits. Aft of a forward deck 6 feet long is the 

forward cockpit, which is 9% feet long. There is a 3%4-foot deck amidships, aft of which is the after 

cockpit 6% feet in length, extending to the afterdeck which is 4% feet long. A narrow 8-inch deck 

extends around the sides of the cockpits, which are surrounded by a coaming or washboard extending 

6 inches above the deck. Both cockpits are fitted with canvas canopies, covered-wagon type. The 

afterdeck has a tubular rail around its edge. At the forward end of the midship deck section there 

is a bulkhead surmounted by a Lucite flexible glass windshield. There is a centerline opening through 

the bulkhead for entry to the forward cockpit. The steering wheel and engine controls are located 

on the port side of the bulkhead between the midship deck and the forward cockpit, and the coxswain 

conns the launch from this point. 
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FIGURE 73.—General plan of a survey launch. 

422. LAuNcH EQUIPMENT 

A modern survey launch is equipped with a portable depth recorder, a sending- 

and-receiving radiophone, antenna poles, a wire sounding machine, running lights, fire 
extinguishers, first-aid kit, emergency rations, fresh water breakers, anchors, etc. 
Other instruments, such as sextants, protractors, compass, clocks, and binoculars, are 

kept on board the ship when not in use. 
The portable depth recorder is housed in a metal cabinet 21 inches in length by 

17 inches in width by 10 inches in height, weighing in all 103 pounds. It is operated 
by electricity supplied by two 6-volt 200-ampere hour storage batteries connected in 
series. Sound impulses are sent out and the returning echoes are received through 
units housed in a fish submerged over the side of the launch just forward of the mid- 

ship deck. The fish is usually about 2 feet below the surface of the water. The 
received echo registers the depth on a facsimile paper with printed scale, producing a 
continuous profile of the bottom in depths to 160 fathoms while the launch is running 

at full or reduced speed. Complete details of design and operation are given in 523. 
The radiophone operates from the same batteries as the portable depth recorder. 

With it the launch party can communicate with the survey ship at distances of at least 
50 miles and with other launch parties or shore camps at distances up to 20 miles. 

For vertical casts and bottom samples, soundings are obtained by handlead or wire. 
The wire sounding machine is power-operated by a jackshaft from the launch engine. 
The wire is lead aft over a fair-lead attached to the rail. This arrangement is satis- 
factory when wire soundings are obtained only intermittently and when the launch is 
completely stopped before the lead is released. However, if soundings are taken regu- 

larly with wire, a special stanchion is necessary which will ensure keeping the wire 
away from the propeller; or the machine may be installed so that the wire may be led 
over the side of the launch by the use of a portable boom with fair-lead on the end. 

(See 4633.) 
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423. LEASED LAUNCHES 

To supplement available launches or to execute a small independent survey, it is 
sometimes necessary to lease one or more privately owned craft. The procedure to be 
followed in leasing launches is subject to change and officers are cautioned to familiarize 
themselves with the most recent instructions on the subject before proceeding. The 
correct procedure, in effect March 1942, is contained in paragraphs 676 to 678 of the 
Regulations of the Coast and Geodetic Survey, supplemented by 4231 and 4232 of this 
Manual. Paragraph 675 of the Regulations has been canceled. 

4231. Procedure in Leasing Launches 

Before leasing a launch, estimates must be submitted in the usual manner and, after their approval, 

invitations should be issued for competitive bids on Standard Form 33, if the period of time is less 

than a month; or on Form 508, if the time is longer but the amount involved is less than $5,000. 

If the total cost of the rent of one or more launches may equal or exceed $5,000 for the period 

specified, competition shall be obtained through advertising in one or more newspapers as prescribed 

in paragraph 627 of the Regulations. Time must be allowed for departmental approval for amounts 

of $5,000 or more (see par. 640 of the Regulations) so as not to delay the beginning of field 

operations. 

Specifications for the lease of launches should be as broad as practicable to obtain the widest 

competition, at the same time furnishing a basis for the rejection of bids on unsatisfactory craft. 

The requirements under such of the following headings as are applicable should be stated definitely 

in the specifications and the bidder should be required to furnish sufficient information with his bid 

to show clearly whether his launch meets the requirements: 

Type. 

Length limits. 

Beam limits or fineness ratio. 

Speed requirements. 

Draft. 

Type of engine and control. 

Accommodations. 

Equipment. 

Statement of locality and requirements of work to be performed. 

Period of lease. 

Delivery point. 

Government to furnish fuel and supplies. 

The specifications should also contain the following item regarding the employment of an engineer: 

“Engineer: The owner (lessor) shall designate and employ an engineer who will furnish his own subsistence. The engineer’s 

salary will be paid by the owner, and hence must be included in the bid price for the hire of the launch. The engineer will have full 

responsibility for the operation and care of the engine and will be the owner’s representative.” 

The number of launches required must be stated in the invitation, otherwise only one launch can 

be accepted. 

Any test or trial necessary to determine compliance with the specifications should be made before 

recommending acceptance. 

Whenever time permits, a copy of the invitation and specifications should be forwarded to the 

Washington Office and the advertisement made sufficiently in advance to permit forwarding the bids, 

abstract of bids, and recommendation to the Office by mail for approval of award, thus avoiding the 

necessity of using the telegraph. 
The lowest bid on a launch complying with the specifications must be accepted. In case the lowest 

bid is not recommended for acceptance, the recommendation should set forth the items of the specifica- 

tions with which such low bid does not comply. 

Before a bid is accepted, the results of the bidding, including any particulars which are important, 

should be forwarded to the Washington Office—by wire, if time is important—and authority should be 

requested to accept the low bid meeting the specifications. After authority has been received, the 

bid should be accepted and, if the period of time is more than 1 month, a formal contract should be 

signed with the owner of the craft, using Form 509, Lease of Launch. This lease with accompanying 

bids and papers should be forwarded to the Washington Office promptly after the contract has been 

signed. 
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4232. Inspection Report of Leased Launch 

A complete inspection report, dated and signed, shall be forwarded to the Washing- 

ton Office promptly at the beginning of every lease of a vessel or launch, and likewise on 
the termination of the lease. The survey of the hull, machinery, and equipment shall 
be made by a board of three officers, one of whom is an engineer officer. If three ward- 

room officers are not available to make the survey, competent petty officers in the 
crew may act as members of the board to assist the senior member. 

4233. Desirable Type of Leased Launch 

The most satisfactory type of launch usually available for lease for use in surveying 
is the fishing or working type to be found in the locality where the survey is to be made. 
Such launches are generally seaworthy, adaptable to hydrographic surveys, and can be 
obtained at reasonable rates. They are invariably built to meet the conditions encount- 
ered in the particular locality. One-man pilothouse control is preferable to two-man 
control and the latter should never be used if the former is available. The smaller type 
of fishing or working boat is usually constructed with a small cabin forward and a large 
open cockpit over which is a removable awning. Yachts and pleasure craft are generally 
unsatisfactory. 

Many such launches are powered by regular marine Diesel or gasoline engines, but 
some are powered by automobile motors converted to marine use. The motor conver- 

sion consists of the installation of a more powerful water pump, a special manifold, and 

a reverse gear. Some installations use the automobile transmission for reverse gear, but 
the marine clutch with reverse gear is sturdier and better. Another type of power plant 

encountered in some launches is the old heavy-duty slow-moving one-, two-, or three- 
cylinder type. It is reliable but slow, and is usually direct-connected to the propeller. 
A clutch and reverse are necessary in any launch to be used in hydrographic surveys. 

Speed is not essential in a launch to be used for handlead or wire sounding; reliable 
motor performance at low speed is more important. On the contrary, if a portable 

graphic recorder is to be used for sounding, or if the launch is to be used to transport a 

topographic or signal-building party to and from the working ground, speed is of prime 

importance. 
424. SmaLL Boats 

Various types of small boats are used for sounding close to shore, surf, breakers, or 

other dangers; for running to and from the working ground; for transportation of topo- 

graphic, triangulation, and other working parties operating from a ship; and for sounding 

in shallow water when shallow-draft launches are not available. All of these boats can 
be propelled by oars; most of them are designed so that outboard motors can be attached, 
although inboard engines are installed in some of them. 

4241. Whaleboat 

Whaleboats are very serviceable double-ended open boats of full beam and con- 
siderable sheer, principally, used as lifeboats. They are generally 24 feet in length, with 

a beam of 6 feet 10 inches, and they draw not to exceed 2% feet when fully loaded; they 
weigh varying amounts, averaging about 2,000 pounds; they have a lifeboat capacity 
of 23 men. They are equipped with air tanks forward and aft. Some whaleboats are 
power-driven by inboard gasoline or Diesel engines. 
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Whaleboats are quite seaworthy, even when heavily loaded, and are very useful for 
the transportation of personnel and equipment in open waters, where the sea is usually 

rough and turbulent, and for landing through surf. They are splendid boats for the use 
of topographic parties on an open coast, for transporting supplies and equipment to 
camps, for carrying lumber and other supplies for signal-building parties, and for towing 
other motorless boats laden with supplies. They are not particularly suitable for use 
in sounding. a bis 

. Dory 

A dory is a small flat-bottomed boat with sharp sheer; it is almost double-ended, 
having a narrow V-stern. It is a typical New England craft, used by all Bank fisher- 
men. A 20-foot dory has a beam of 5 feet 10 inches and draws about 1% feet when fully 
loaded; this is the preferred size for use in surveying; it will accommodate a party of 
three or four men with equipment. Smaller dories, 16 feet in length, have been used 
but they are too small for most survey parties. 

A moderately loaded dory is more stable than one Tents loaded, its one disad- 
vantage being that it is somewhat unsteady when light. Properly nanmneie el this boat is 

most seaworthy, but a layman must use it with caution. It is a good boat for use where 
landings have to be made on an open coast in a moderate swell. A special well is usually 
constructed at the stern for the installation of an outboard motor, otherwise the bow 

and stern are practically alike. This construction makes the dory a good surfboat 
when either bow or stern is headed into the sea, and landings can be made on the beach 
by heading straight in through the surf with little danger of swamping, or can be made 
by turning around and backing in. Dories can be used independently or in conjunction 
with a launch. 

4243. Shiff 

A skiff is a light motorless boat with a flat bottom, square stern, and fair freeboard. 

It is ight and easily handled but is not especially seaworthy. The flat bottom and wide 
stern make the boat 8teadier than a dory but it does not have as much freeboard or 
riding ability. 

A skiff is useful in more or less protected waters and is ordinarily used in conjunc- 
tion with a launch, being towed from place to place and then used for landings and trans- 
portation along the beach. An 18- or 20-foot skiff is most satisfactory for the use of 
survey parties; one less than 16 feet long is practically useless. Outboard motors can 

be attached and used on skiffs if desired. 
A small skiff carried on a trailer towed by a truck can be used advantageously by 

field inspection parties engaged on air photographic surveys, where a boat is occasionally 
needed in protected waters. This eliminates having to rent small boats and the time 
spent in obtaiming them. 

4244. Gondola-Skiff 

The gondola-skiff is an oversize skiff, developed by the Chesapeake Bay seine fisher- 

men. It is about 25 feet long, with a 7'-foot beam overall, and has a 5\-foot square 
transom, which is cut away for the installation of an outboard motor. The bottom is 
flat and thwartship planked, with a keel and keelson each consisting of a heavy plank 
laid flat. The bow is decked over for 5 feet aft of the stem. There is a 7-inch deck 
extending along each side of the boat with a small coaming or washboard on the inboard 
edge. This boat has proved very suitable in areas like Chesapeake Bay, Albemarle 
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Sound, and the Indian River district for the use of shore-based survey parties. The 
boats are cheap to construct, have a shallow draft, and will carry a fair-sized party or 

load. 
4245. Dory-Skiff 

A dory-skiff is 16 to 20 feet in length and combines some of the characteristics of a 
dory and skiff. It is flat bottomed with straight side planking of fair sheer, a dory 
bow, and a skiff stern. This combination gives the boat the forward riding ability of a 
dory, but eliminates the unsteadiness; it provides a larger ESTER and a convenient 

arrangement for an outboard motor erence 
The disadvantages are that it is heavy and difficult to handle in a wind, because the 

bow, being higher out of the water than the stern, catches the full effect of the wind and 
tends to turn the boat broadside. This makes the boat susceptible to swamping, es- 
pecially when landing on or taking off from the beach in a moderate wind and swell. 
A dory-skiff is not satisfactory for use in exposed waters where strong winds and heavy 

swells are frequent. 
4246. Knuckle-Skiff 

A knuckle-skiff combines some of the characteristics of the dory and the skiff, and 
is usually 16 to 18 feet in length. It is flat bottomed and has a dory bow and skiff 
stern. . The lower side planking is at a decided angle and the upper side planking is more 
nearly vertical. There is a pronounced knuckle at the junction of the upper and lower 

side planks. 
This boat has a moderate sheer, is fairly light in weight, and cheap to construct. 

It has a good capacity and handles well in protected waters, such as in Southeast Alaska 
or Puget Sound, but it is not recommended for independent use in exposed waters 

because of its low freeboard and lack of reserve buoyancy. The boat can be backed in 
to a rocky shore and held there long enough for men to jump ashore or aboard, because 

the wide stern provides a good footing. 
An outboard motor may be used to advantage with this type of boat. 

4247. Dinghy 

A dinghy is a round-bottomed boat with a bar-type keel and slight sheer, and is 

usually 12 to 16 feet in length. This type of boat is usually clinker-built, though some- 
times it is carvel-built or smooth sided. A dinghy costs considerably more than a skiff 

of comparable size. 
A dinghy is light in weight, well balanced, and easily handled, and is useful for the 

transportation of small parties in protected waters. It is not satisfactory for use along 
rocky coasts because its frail hull is easily punctured and the type of construction makes 
repairs exceedingly difficult. Because of this, its use should be confined to protected 
areas with muddy or sandy shores. Outboard motors can be attached. 

Dinghies are most useful in connection with auxiliary vessels since they are easy 
to lower, hoist, and stow, and because the working grounds are usually located in pro- 
tected areas. On large survey ships they are rarely used by survey parties, but they are 

useful and required as emergency boats, for use in handling lines, and in case of a man 

overboard, etc. 
A dinghy is not intended for use in making beach landings and should not be so 

used. The round bottom with bar keel tends to make it overturn as soon as the 

keel touches bottom, particularly when there is any surf. 
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4248, Catamaran 

A catamaran is a two-hulled craft, the hulls being joined by cross beams. Two 
boats of the same type and dimensions are generally used, either dinghies, skiffs, or 

dory-skiffs. An outboard motor is usually attached to the stern of one of the boats, 
but may be attached alongside, or to the deck between the two boats. Sometimes a 
whaleboat is used alongside a smaller boat to which the outboard motor is attached. 

The main advantage of a catamaran is as a substitute for a shallow-draft launch 
for hydrographic surveying in protected waters when such a launch is not available. 
The two boats, when properly secured together, give the craft a stability which permits 
the freedom of movement required by the personnel of a hydrographic party. 

The shallow draft enables the craft to go close inshore and to operate freely over 
extensive shallow areas. Survey parties operating from auxiliary vessels have con- 
structed catamarans and used them successfully when no other means were available to 
accommodate a launch hydrographic party. 

FIGURE 74.—Handlead sounding from a catamaran. 

4249. Sea Sled 

A sea sled, occasionally useful in surveying, is a light craft of about the same 
length as a dinghy but with considerably more beam. Its particular characteristics 
are its shallow draft and concave-shaped bottom, which is tunneled fore and aft along 

the centerline. The craft attains high speed when propelled by an outboard motor, 
as the tunnel produces a sort of air pocket and a planing effect, which reduces water 

friction and enables the sea sled to skim along the surface of the water. 
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This type of boat is built as a sporting craft, but it can be used to advantage by 
topographic, triangulation, and signal-building units in protected waters for fast trans- 
portation to and from the working ground, where parties are based ashore. 

43. EQUIPMENT AND INSTRUMENTS 

A survey vessel must be specially equipped and carry instruments on board, in 

addition to those ordinarily required for navigation, with which to perform any survey 
duty likely to be assigned. As the type of project assigned will vary due to the nature 

and broad scope of hydrographic surveying, much equipment and many instruments 
must either be carried on board the vessel ready for immediate use, or be available at 
the Washington Office for use when needed. A sufficient stock of instruments must 
also be available for the use of shore, launch, or detached parties that may be put in 

the field. : 
The Chief of Party must be certain that the necessary equipment and instruments 

are available prior to the beginning of an assignment. This is particularly important 
when a vessel is assigned a project in a locality such as Alaska or the Hawaiian Islands, 
at a considerable distance from Washington, D. C. 

Although survey vessels normally are adequately equipped and supplied with all 
instruments necessary for routine work, a vigilant check must be kept on their condition, 

utility, and adequacy. Instruments are continually being redesigned, improved, and 
provided with new attachments, and entirely new instruments are frequently designed. 
Officers who are continually using survey instruments should be alert to the possibility 

of improvement and are encouraged to submit recommendations for the redesign of 
existing instruments and the construction of new ones. 

In general, the standard nontransferable navigation and survey instruments 
installed in place on board vessels or launches are classed as equipment. Most of such 
equipment is located in the pilothouse or in the immediate vicinity thereto. Vessels 
constructed especially for this Bureau will be completely outfitted at the time of com- 
missioning; others which may be purchased or received by transfer will probably 
require the installation of considerable equipment, especially the special equipment used 

in hydrographic surveying. 
In general, portable instruments are classed as instruments; they are not considered 

an integral part of the vessel but are necessary auxiliaries; they are transferable. A 
vessel’s allowance of instruments varies with the size of the vessel and the project 
assigned. Instruments shall be kept clean, in adjustment, and in good order at all 
times. They shall be stowed away in designated places when not in use. ‘They shall 
be handled carefully at all times, and some of them, like chronometers, require special 
attention. In survey operations, the Bureau numbers of all instruments used shall 

be entered daily in the record volume for each particular class of work. 

431. CARE OF EQUIPMENT ANO INSTRUMENTS 

The Regulations of the Coast and Geodetic Survey assign to the navigating officer 
the responsibility for the proper care and maintenance of the navigation equipment 
and instruments. The responsibility for the proper care and maintenance of the sur- 
vey equipment and instruments should similarly be delegated to one of the officers. 

He should make certain that instruments of all types needed are available and in good 
condition. He should supervise the proper cleaning and drying of all instruments 
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used in the field and the return of these instruments to the place provided for their 
stowage. He should make periodic examinations of all instruments on board, pro- 
vide for their maintenance, make necessary repairs, and keep an accurate inventory. 

At the end of each season, worn out, damaged, and surplus instruments should be re- 

turned to the Washington Office. An officer in charge of any phase of detached oper- 

ations shall be responsible for the care of his instruments. Before having them stowed 
away he must be sure that they are cleaned, dried, oiled, and packed in their original 

boxes. 
4311. Periodic Tests 

Periodic tests shall be made of various equipment and instruments to check their 

accuracy, determine their errors, and make corrections if possible. Some are tested 

during lay-up and overhaul periods while others should be tested at the beginning of 
and during field operations. The latter is particularly applicable to the magnetic 
compass as explained in 4415. ‘Tests required in connection with other equipment are 
included with the descriptions of the equipment. 

4312. Care of Equipment 

The safety of the vessel and its occupants often depends directly on the accuracy 

and reliability of the navigation equipment and the speed and ease with which it can 
be used. 

The equipment located inside the pilothouse and other parts of the vessel shall be 
kept free from dust, dirt, tarnish, rust, and salt deposits at all times. It should be 
lubricated according to the instructions for the equipment and inspected and over- 

hauled periodically by experts if the instructions so specify. Equipment kept in boxes 
or cases when not in use, such as the azimuth circle, shall be thoroughly cleaned and 
dried before being stowed away, all moisture and salt deposits being first removed. 

Equipment installed where it is exposed to the elements shall be kept clean and in 

perfect condition at all times. Instruments that are not protected by fitted metal 

covers shall be provided with canvas covers. Exposed equipment shall be kept 
covered when not in use, except when underway when it may be needed at any moment. 

All equipment shall be handled carefully to avoid excessive wear and possible damage. 
Navigation equipment that requires illumination at night shall be inspected at sunset 
to ensure that all lights are in proper working order; any deficiency shall be corrected 
at once. Such inspection may be omitted during extended periods in repair yards 
and alongside docks. 

All survey equipment should be cleaned periodically. Surfaces that are apt to 
become frozen or stuck when stowed for any period of time, should be moistened slightly 

with oil or tallow after cleaning and before reassembling. 
Sounding wire, even when galvanized, is subject torust. The wire on the sounding- 

machine reel, when not in use, should be dried, oiled, and well wrapped with oil-soaked 
cloths, to provide protection from the weather. When sounding, a brush dipped in 

cup grease should occasionally be held against the wire on the reel as it is being 
reeled in. (See 4658.) 

When not in use, the sounding machine should be protected from the weather by 

a canvas cover. The outrigger and sheaves should always be well oiled and should 

frequently be tested to ensure that the sheaves are turning freely. 
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Leadlines not in use should be coiled and stowed. All markings should be examined 
and necessary repairs made at once. 

4313. Care of Instruments 

Instruments are precision mechanisms, delicately balanced and accurately marked. 
One bearing or pivot allowed to deteriorate or freeze destroys the accuracy of any 
observation. For this reason proper and unremitting care is absolutely essential. 
Every individual using an instrument must realize that the accuracy required in survey- 
ing cannot be secured without this care. 

The arc of a sextant or protractor may be cleaned by wiping lightly with a chamois 
skin or soft rag dipped in a weak solution of ammonia. It must never be polished 
with sandpaper, emery cloth, a rubber eraser, or any other type of abrasive, as the use 

of such materials will scratch metal and eventually deface the graduations. Alcohol, 
gasoline, or kerosene should never be used to clean arcs of instruments, as their use will 

remove the filler from the graduations. 

Alcohol, gasoline, and kerosene leave an object extremely dry after evaporation. 
When they have to be used to remove an excess of oil or grease in the bearings or 
between bearing surfaces of any instrument, the instrument must not be stowed away 
until these surfaces have been given a light coating of oil after all the cleaner has 
evaporated. 

All instruments should be carefully dried after exposure to water or dampness, 

oiled where necessary, and any oil cups refilled. Special attention should be given to 
lenses and sextant mirrors to ensure that they are thoroughly dried. 

Lenses and mirrors may be dusted with a camel’s hair brush, or cleaned by gentle 
rubbing with soft tissue paper or lintproof cloth, after being slightly moistened with 
the breath. A lens should be examined occasionally to see that it is tight in its cell. 

Taffrail logs and current meters are similar in that both have rotating parts con- 
stantly exposed to salt water. After use, both should be thoroughly dried, well oiled, 
given enough turns by hand so that the new oil will have a chance to lubricate all 
moving parts, and then all oil chambers should be refilled. 

4314. Repairs to Equipment and Instruments 

So far as possible all equipment shall be maintained in the best working condition 
by the personnel aboard the vessel. Repairs are to be performed only by experienced 
and competent technicians. Extensive repairs to heavy equipment, particularly 
machine work, should be let on contract with firms specializing in the particular type 
of work. Complicated equipment like the gyrocompass, except for minor details, 

shall be repaired only by experts representing the manufacturer. 
During lay-up or repair periods between assignments, the equipment shall be over- 

hauled and put in the best possible condition in order to reduce repairs and maintenance 
in the field to a minimum. 

Expenditures for repairs to survey instruments shall not be incurred in the field, 
except where local costs are less than shipping charges to the Washington Office, or in 
emergencies. Many minor repairs can be made by officers themselves. In emergencies, 

when the time required to send an instrument to the Washington Office for repairs, or 

to requisition a replacement, would delay field operations, instruments may be repaired 

locally. In such a case the voucher for payment must be accompanied by a detailed 
justification of the action. 
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A description of the damage to each instrument returned to the Washington Office 
for repairs must be attached to the instrument. Replacement instruments, if they are 
needed, should be requisitioned at the same time damaged instruments are forwarded. 

432. INSTRUMENT REQUISITIONS 

All items of equipment and instruments are obtained from the Washington Office 
by requisition of the Chief of Party, using Form 12, Requisition for Instruments and 

General Property. A requisition for instruments, stating the date when needed at 

destination, must be submitted to the Washington Office sufficiently in advance to 
allow adequate time for packing, boxing, and shipping. If the need for any item is 
urgent, requisition may be made by telegraph or radio, followed by Form 12 forwarded 
by mail in the usual manner. Such requisitions must be kept at a minimum. 

Immediately on receipt of a shipment of instruments, the Chief of Party should have 
the items checked with those shown on the invoice from the Washington Office, usually 
mailed on the day of shipment. The number stamped on each instrument should be 
checked carefully with that on the invoice, so that any discrepancy may be corrected. 

Each instrument should be closely examined to ensure that there has been no damage 
in transit and that each is in good working order. Any discrepancy between the invoice 
and the items received, or any damage, must be reported to the Washington Office at 

once, 
433. ACCOUNTABILITY FOR INSTRUMENTS 

The Chief of Party is directly accountable for every item of equipment and each 
instrument charged to his account. Form 14, Inventory of Instruments and General 

Property, shall be prepared and submitted in accordance with instructions printed on the 
back of the form. Esch item of property shall be listed on a separate line in alphabetical 
and numerical order, together with all trarsactions involved. A smooth copy of this 
inventory shall be submitted annually, as of December 31, for comparison with the 

records of the Washington Office. 
In the Office, the property accounts of the Commanding Officer of a vessel are filed 

under the vessel’s name, but all others are filed under the name of the Chief of Party. 

Accordingly, when Commanding Officers are relieved, the transfer of equipment and 
instruments shall be shown on the regular inventory, Form 14. The inventory shall be 

brought up to the date of the transfer in all particulars and a receipt, showing that the 
property as per inventory of vessel was transferred, will be sufficient. When for any 

reason it is impracticable to bring the inventory up to date, the receipt should be for 
all items appearing on the Inventory of Instruments and General Property submitted by 
(Name of Commanding Officer relieved and vessel) on December 31 (year), amended by all 
changes to date. A smooth copy of the inventory need not be sent to the Office at this 
time. Whena Chief of Party of an independent field party is relieved, itemized receipts 

for all equipment and instruments shall be submitted on Form 573, Letter of Trans- 
mittal and Receipt for Transfer of Instruments or General Property, as for property 
transferred between field parties. 

When equipment or instruments are transferred from one vessel or field party to 
another, Form 573 shall be prepared and submitted in accordance with instructions 
printed on the back of the form. When a field party is disbanded, all instruments shall 
be returned tothe Washington Office or transferred to another vessel or party, the trans- 
fer being accounted for on Form 573. 
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All survey equipment and instruments shall be reported on the ship’s inventory, 
except equipment expended in place which does not bear either Coast and Geodetic 
Survey or manufacturer’s numbers. Replacement parts are expended in place when 

they are installed. 
4331. Expenditure of Instruments 

When equipment or instruments are lost or extensively damaged, the facts shall be 
reported promptly to the Washington Office. When instruments have become un- 
serviceable through use or age, authority to expend them should be requested from the 
Washington Office. No inventoriable equipment or instruments may be expended 
without authority and such authority will not be granted without a complete report of 

the facts and circumstances. Copies of such letters should be attached to and submitted 
with the instrument inventory. 

434. SHIPMENTS OF INSTRUMENTS 

Instruments that are returned to the Washington Office must be reported on 
Form 573, Letter of Transmittal and Receipt for Transfer of Instruments or General 
Property. Instructions on the back of the form must be followed. Shipment must 
be by the most economic method. A list of the instruments packed in each case 
shipped must be included in the packing case. 

Each instrument to be shipped must be firmly secured in its box, but in such a 
manner that delicate parts will not be injured by wedging or pressure. Cushions of 
paper, or other packing material, should be placed not only between the individual 
instrument boxes but between these and the packing case. Since the packing case may 

be inverted in transit, the contents must be secured so that nothing in it can come loose. 
Packing cases containing instruments of various weights should be packed with 

special care. 
Shredded paper, when obtainable, should be used for packing instruments. 

Chopped-up paper, crushed paper, and cotton make good substitutes. The use of 

sawdust or excelsior for this purpose is prohibited. An extremely fine dust from these 
seems to penetrate even hermetically sealed joints. They absorb oil readily and, by 
contact, may dry the oil from a bearing with probable impairment. They also retain 
moisture which may damage the contents. 

Special precautions must be used in preparing some instruments for shipment. 

For example, the parts of a standard tide gage which easily become loose, or which might 
swing about, should be lashed. To prevent the pencil screw from moving endways, 
one end should be secured to the capstan locknut of the counterpoise drum and the other 
end to the capstan bearing pin of the pencil screw. The pencil arm should be tied to 
the hour-tripping rod, which in turn should be lashed to the upper tie rod of the gage. 

The receiving roller is then lashed to the lower tie rod. 
A standard tide gage must also be removed from its packing case with special 

caution. It must not be grasped by the hour-tripping rod, pencil screw, or other deli- 

cate parts during removal, as they might be damaged. 
The heavy float and the top and bottom sections of the pipe, usually packed with 

the portable gage, must be secured firmly to prevent damage to other parts of the gage. 
The glass face of any instrument, such as a clock, compass, or pelorus must be 

protected by a paper cushion. In the case of a compass or pelorus, the instrument 
should be dismounted from its gimbals, the bottom of its case then padded with soft 
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material (paper or cloth), and the instrument placed face down in its case. It should 
then be wedged by additional padding placed between it and the sides of the case. 

44. NAVIGATION AND POSITION-LOCATION EQUIPMENT 

In this section are described the more important navigation and position-location 

equipment of survey ships and auxiliary vessels, and their use in hydrographic survey- 

ing. Ship compasses and compass auxiliaries, the radio direction finder, ship logs, and 
the taut-wire apparatus are included, but not R.A.R. equipment, which is described 
in chapter 6. 

441. Macnetic Compass 

All survey ships and most of the auxiliary vessels of the Coast and Geodetic Survey 

are equipped with at least two magnetic compasses, the standard and the steering com- 
pass; and several of the larger ships have gyrocompasses (see 442) in addition. 

There are two main types of magnetic compasses, the dry compass and the liquid 
compass. The Coast and Geodetic Survey uses the United States Navy type of liquid 
compass on practically all of its vessels, launches, and small boats. 

Complete and detailed descriptions of the magnetic compass may be found in 
Special Publication No. 96, Instructions for the Compensation of the Magnetic Com- 
pass; and in the American Practical Navigator (Bowditch). Consequently only a brief 
reference will be made here to the fundamental principles. 

4411. Ship Compass 

The liquid magnetic compass is a magnet, or several magnets, attached to a com- 

pass card suspended in a liquid with a low freezing point, usually ethyl alcohol. The 
card rests on a pivot almost without friction, and the entire assembly is enclosed in a 

nonmagnetic metal bowl. An expansion chamber is provided to compensate for the 
expansion and contraction of the liquid caused by changes in temperature. On the 
inner edge of the bowl is a line called the lubber’s line, marking the centerline of the ship. 
The bowl is mounted in gimbals so that it cannot turn in azimuth but will remain nearly 
horizontal regardless of the motion of the vessel, and to reduce, to a large extent, any 

dynamic effects due to pitching and rolling of the vessel. The liquid in the bowl serves 
the double purpose of damping the oscillations of the card and reducing the weight on 
the pivot. The standard diameter of the compass card used in a ship compass is 7% 
inches. All compass cards are graduated in degrees, reading clockwise through 360°. 

A ship compass is usually installed in a compensating binnacle of nonmagnetic 
metal, located on the centerline of the vessel. 

Movable magnets and soft iron are provided to counteract the effect of the ship’s 
magnetic field. By means of these the deviation of the compass can be reduced to 1° 
or 2°. The soft-iron spheres, known as quadrantal spheres, are placed athwartship, one 

on each side of the bowl and at about the same elevation. Small cylindrical magnets 
are located in fore-and-aft and athwartship trays beneath the bowl. A Flinders bar 
is usually located directly forward of the bowl with its axis parallel to the vertical axis 
of the binnacle. The positions of the magnets are adjustable to provide greater or less 
effect as needed. (See 4414.) 
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For illumination, the ship compass has a translucent compass card and bowl 

and the card is illuminated from below. A hood for the binnacle is provided to protect 
the compass when not in use; the hood is provided with kerosene lamps for emer- 
gency use. A magnifying glass is provided which can be placed where it will give the 
helmsman a magnified view of that part of the card adjacent to the lubber’s line and 

permit more accurate steering. 

4412. Use of Compass in Hydrography 

Because of its location, the standard compass is less influenced by the vessel’s 

magnetic field than the steering compass, and consequently its deviation remains more 
constant and can usually be reduced by compensation to smaller residuals. For this 
reason all long courses in navigation or hydrography should be set by the standard 
compass, the relative courses on the steering compass, by which the helmsman steers 

the vessel, being determined by simultaneous comparisons. The headings of the 
standard and steering compasses should be compared hourly when underway. 

All bearings and deadreckoning depend on the compass heading for azimuth. In 
offshore hydrography the accuracy of dead reckoning between fixed positions depends 
directly on the course and the log distances, supplemented at times by astronomic sights. 

The standard compass is usually installed on the flying bridge, or the deck directly 
above the pilothouse; and the steering or wheelhouse compass is in the pilothouse just 
forward of the steering station. Each is on, or parallel, to the centerline of the vessel and 
as far from magnetic metals as possible, and where the magnetic influences of the sur- 

rounding metals will be as evenly distributed as practicable. 
Portable objects consisting of, or containing, magnetic metals shall not be allowed 

to remain in the vicinity of the compasses, for the magnetic field may be disturbed 
with a resulting change in the deviation. For the same reason, a vessel should not lie 

alongside a dock containing a large quantity of magnetic metal. 
A compass shall be stowed face down when not in use, to preclude wear on its pivot. 

For hydrography controlled by visual fixes or R.A.R., the vessel is steered by ref- 
erence to the compass in an attempt to follow a chosen sounding line. The position of 

the vessel with reference to the line is determined by successive sextant fixes or bomb 
positions, and frequent alterations in course are made to bring the vessel back on the 

sounding line. 

4413. Variation and Deviation 

For all practicable purposes the needle of the magnetic compass would point to 

magnetic north if influenced only by the earth’s magnetic field. However, this condition 
is never attained on shipboard, except in specially constructed nonmagnetic vessels, 

as the ship itself sets up a magnetic field which causes the needle of the compass to 

deviate from magnetic north. 
The variation of the compass, or magnetic declination, is the angle between true 

north and magnetic north, the latter being the direction assumed by a magnetic needle 

when acted on solely by the earth’s magnetic field, that is, exclusive of any instrumental 

error and any effect of the ship’s magnetism. The angle between magnetic north and 
the north indication of a ship compass on any particular heading of the ship is the 

compass deviation for that heading, and includes the instrumental error of the compass 

as well as the effect of the ship’s magnetism. 
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Variation is called east or west according to whether magnetic north lies to the 
east or to the west of true north. Deviation is called east or west according to whether 
the north indication of the ship compass lies to the east or west of magnetic north. 

Deviation varies for different compasses, different ships, different headings of a 
ship, for different geographic localities, and also if the ship is not on an even keel. 

In converting compass courses to magnetic, and magnetic to true, easterly devia- 
tions and variations are always additive, and westerly deviations and variations are 
always subtractive for compasses graduated from 0° to 360°. In converting true courses 

to magnetic, and magnetic to compass, the signs are reversed. A convenient way to 
keep the signs straight is to think of the words—compass, magnetic, true—or true, 
magnetic, compass. If the words are in alphabetical order, apply the signs directly, 
if they are in the reverse of alphabetical order, reverse the signs before applying. 

4414. Compensation for Deviation 

Compensation of the compass is the process of counteracting the effect of the 
ship’s magnetism so that the residual deviations will be small. It is based on the general 
principle that the magnetic effect of the iron and steel of the vessel can be counter- 
balanced by magnets and soft iron placed near the compass. 

Detailed instructions for compensating the compass are contained in Special 
Publication No. 96, and consequently the necessary operations are only briefly outlined 
here. Compensation should be performed only in comparatively calm waters, with 
the ship on an even keel, and with all movable iron or steel in its customary position as 
at sea. This should be done in a locality where the variation is accurately known. The 
operations enumerated below are for a Navy standard binnacle, but the principles are 
the same for any other type of binnacle: 

(1) Set the spherical (quadrantal) correctors in middle position unless some other position is 

known to be more nearly correct. Place the heeling magnet in its tube, with its north (red) end up, 

unless it is known that the south end should be up, and lower it to the bottom of the tube. The 

magnet trays should be below the middle position. 

(2) Steer magnetic north. Enter the athwartship magnets in their trays, placing the same 

number on each side, with their north (red) ends to starboard to correct easterly deviation, or to 

port to correct westerly deviation. Move the trays up or down until the ship’s heading is north 

by compass. : 

(3) Steer magnetic east. Enter fore-and-aft magnets on both sides of the axis of the binnacle 

with their north (red) ends forward to correct easterly deviation and aft to correct westerly deviation. 

Move the trays up or down until the ship is heading east by compass. 

(4) Steer magnetic south. If any deviation is found, compensate for half of it by changing 

slightly the position of the trays containing the athwartship magnets. 

(5) Steer magnetic west. If any deviation is found, compensate for half of it by moving the 

trays containing the fore-and-aft magnets. 

(6) Steer magnetic northwest. Move the spherical correctors toward or away from the compass, 

keeping them at equal distances from the center, until the ship heads northwest by compass. 

(7) Steer magnetic northeast. If any deviation is found, compensate for half of it by moving 

the spheres slightly. 

(8) Follow with a complete ship swing to determine the residual deviations. If the compensation 

is carefully and accurately performed, the maximum deviation for any heading should not greatly 

exceed 1°. A skilled navigator will set this as his aim. A ship swing before compensation is of value 

only for the information obtained with reference to the deviation and the amount of compensation 

required. A 

(9) At the first opportunity when the vessel is: rolling freely, head on a northerly or’southerly 

course. If heeling error exists, it will be most apparent on these courses. It will be indicated by 

abnormal oscillations of the compass. Raise the heeling magnet until the oscillation decreases or 

4653882—44—98 
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disappears. If it does not, try reversing the magnet in its tube. Careful steering is required, as the 

effect of yawing may be mistaken for that due to heeling error. The heeling error is due in part to” 

the fact that the iron beams of the vessel are no longer horizontal when the vessel is heeled over. 

(10) The compensation for semicircular and quadrantal deviation made with magnets and spheres 

will not hold good for all latitudes. If the vessel is operated in a considerable range of latitude, a 

Flinders bar will be required to compensate for changes due to change in latitude. The Flinders bar 

is usually located forward of the binnacle. Until opportunity is afforded to determine the exact 

length required, it is advisable to insert one of sufficient length to reduce the deviation on east and 

west headings to 10° before compensation, i. e., with the fore-and-aft magnets removed. A Flinders 

bar, so selected, will not entirely counteract the changes in the deviations due to change in latitude 

but will minimize them considerably. 

4415. Determination of Deviation 

The principal methods of determining the deviation of a ship compass for various 

headings of the ship are: 

(a) Bearings of the sun. 

(b) Bearings of a range whose azimuth is known. 

(c) Bearings of a distant object. 

(d) Reciprocal beatings. 

These methods are described in detail in Special Publication No. 96 and in the 

American Practical Navigator (Bowditch) and need not be repeated in this Manual. 

(e) Another method is a modified form of method (b) in which neither the azimuth of the range , 

nor the magnetic variation need be known and the two objects comprising the range need not even 

be charted. The ship swing is made as usual with both right and left rudder, the compass bearing 

of the range being measured as it is erossed on each heading. The two compass bearings of the range 

for identical headings are averaged. The mean values for all headings are then averaged and the 

difference between this average and the mean compass bearing for any heading will be the deviation 

of the compass for that particular heading. 

A ship swing to determine the deviations of the compass shall be made at the 
beginning of each season’s work, after a long lay-up period, after undergoing repairs at 

a shipyard, after a change of working ground involving a considerable change in 
latitude, and during the season if the deviations are found to differ appreciably from 

those on the deviation card. (See 144.) 

When swinging ship, the vessel must be on an even keel and the sea comparatively 
calm. To obtain the best results, good steering is necessary, and the ship must be 
steadied on each heading 2 to 3 minutes before the observations are made. The varia- 

tion should be accurately known. It is printed on the compass rose of the chart for a 

particular locality, but should be corrected to the date of the swing by applying the 

annual change. 
The deviation can be determined most accurately by swinging ship around the 

end of a wooden pier, if there are no magnetic metals in the vicinity. By using bow 
and stern spring lines the vessel can be warped around the sides and end of the pier 
and held stationary for the observations on each selected heading through 180°. Then 
the vessel must be turned around and the maneuvers repeated for the headings through 

the other 180°. The observations can be made on the sun or a distant object whose 
azimuth from the end of the pier is known or can be determined. Because the water is 
calm and the vessel can be held absolutely steady on each heading, an excellent swing 

should result. 
A ship swing should not be made during a magnetic storm. The occurrence of 

these is unpredictable; they may last several days, are associated with sun spots and 
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the aurora borealis, and are world-wide in effect. The effect of a magnetic storm on a 
ship swing in low latitudes is practically negligible as the most severe storm will not 
affect the compass more than °, but in high latitudes the effect may be as much as 

Gr to,102. 
4416. Boat Compass 

The liquid type of boat compass has been adopted as standard by the Coast and 
Geodetic Survey. In general it differs from the ship compass only in size and port- 
ability. Various sizes, generally of 4, 5, or 6%4 inches in diameter, are used, the larger 

in auxiliary vessels and the smaller in pulling boats and ship launches. The cards are 
graduated in degrees clockwise through 360°, with no more than the cardinal and inter- 
cardinal points shown. A binnacle equipped with lights operated from the launch 
batteries or an oil lamp is provided for use at mght. The 5-inch compass has been 
found most satisfactory for general use, especially in launch hydrography; a smaller 
compass is too sluggish and is generally unsatisfactory in a choppy sea and a larger 
compass is too cumbersome. 

A boat compass can be mounted in a noncompensating binnacle near the steering 

station, or mounted on its box as a stand. It should be installed on the centerline of 
the boat. This line should be determined and the position selected for the compass 
station marked so that the compass can always be replaced in the same position. 

Other points to be guarded against in its installation are similar to those for the ship 
magnetic compass (see 4411). 

442. GYROCOMPASS 

All modern survey ships of the Bureau and several of the older ships are equipped 
with Sperry gyrocompass systems, in addition to magnetic compasses. On a gyro- 
compass all directions are true, as the effect of magnetism is eliminated. There is no 
variation or deviation to be taken into account. 

To ensure correct functioning of the gyrocompass it should be compared with one 
of the magnetic compasses at 15-minute intervals. At least once each watch it should 
be checked by an observation for azimuth on a celestial body. The result of this obser- 
vation and ene comparison with the magnetic compass each watch should be entered in 
a compass log book. Should any comparison indicate that the gyrocompass is not 
functioning properly, hand steering with reference to the magnetic compass shall be 
resorted to immediately and continued until the fault in the gyrocompass has been 
corrected. 

In some installations it is not possible to set the steering and bearing repeaters 
closer than 4°; in such case the relationship of the repeaters and the master compass for 
each trip should be recorded and the bearing repeater used for each bearing should 
be noted. 

When the comparison between the gyrocompass and the magnetic compass differs 
consistently from normal by 1° or more for a short time, a local magnetic attraction 
may be indicated, and the possibility should be noted in the log book for future inves- 
tigation. 

4421. Theory of the Gyroscope 

A gyroscope is a well-balanced wheel, revolving at a high rate of speed, with freedom 
of motion about three rectangular axes. The phenomenon of the gyroscope is that its 

axis of rotation points in a fixed direction in space, if no outside force is exerted on it. 
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If the axis of a spinning gyroscope is in an east-west direction, as the earth rotates the 
axis will gradually tilt with reference to the horizontal. 

Foucault’s general law is that any freely suspended spinning body “tends to swing 
around so as to place its axis parallel to the axis of any impressed forces, and so that its 
direction of rotation is the same as that of the impressed forces.”’ This principle is 
utilized in the gyrocompass. The rotation of the earth and the force of gravity furnish 
the forces which make the gyrocompass indicate true north. 

Another characteristic of the gyroscope is called precession. If a force is applied 
to a spinning gyroscope, tending to change the direction of the axis, this force will not 
only be resisted but the gyroscope will turn slowly about an axis perpendicular to the 
one about which the force is being applied. 

The precession characteristic is utilized to make the gyrocompass move to and settle 
on true north. A U-tube, partly filled with mercury, is mounted perpendicular to 
the plane of the gyroscope. As the earth rotates and tilts the gyroscope, if its axis is 

not in the plane of the meridian, the mercury flows in the U-tube to the low side. The 

force of gravity then exerts a downward force on that side, which causes the axis of the 
gyroscope to precess toward the meridian, where the tilt is corrected. This is a con- 
tinuous effect, tending to keep the axis of the gyroscope in the plane of the true meridian 
once it has placed itself there. 

4422. The Gyrocompass Equipment 

The gyrocompass is an electrically operated compass which is unaffected by mag- 
netism and which automatically points very nearly to true north continuously. Small 
corrections for variations due to latitude, course, and speed are made semiautomati- 

cally. Once the latitude and speed corrections are set, no readjustments for changes of 
latitude of less than 3° or for changes of speed of less than 3 knots need be made. 

A typical equipment consists of (@) a master compass, (b) a steering repeater, (c) 
bearing repeaters, (d) a course recorder, and often (e) a gyro pilot. The master com- 
pass is the principal unit; it indicates true north; the other units are auxiliaries for 

special purposes. 

(a) The master compass is not used to steer by, nor is it generally installed in the pilothouse. 

It should be in a clean well-ventilated compartment, where heat is not excessive. For convenience 

and easy access it is generally located near the pilothouse. Advantages may be gained by having 

it near the center of gravity of the vessel. The lubber’s line of the compass must be parallel with 

the fore-and-aft line of the vessel. 
The master compass consists essentially of a gyroscopic wheel, mounted to spin on a horizontal 

axis and rotated electrically at high speed. The gyrocompass card is attached above the wheel and 

mounted with its 0° to 180° line in the same plane as the axis of the gyroscope and so that all move- 

ments of the wheel in azimuth are transmitted to the card. . 

A transmitter, to operate the repeater compasses, is attached to the frame which carries the 

lubber’s line and is driven from a gear attached to the compass card so as to reproduce any move- 

ment of the card. The repeaters contain step-by-step motors through which the transmitter actuates 

them. Any number of repeaters can be operated. 

The whole is housed in a binnacle for protection. 

A detailed description of the construction and parts of the master compass is contained on 

pages 34 and 35 of Bowditch. 
(b) The steering repeater resembles a compass in appearance, but it is a dummy, its card being 

synchronized with the master compass so as to repeat the movements of the compass card in the 

master compass. It is located near the steering wheel, mounted on an adjustable bracket so that 

its position can be changed to give a full view of the card from any position desired. All navigating 

is done from repeaters of which there may be several, one at each steering station. 
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(c) The bearing repeaters are similar to the steering repeater. There is usually one on each 

wing of the bridge, one on the flying bridge, and one installed in the radio direction finder. The re- 

peaters on the wings of the bridge are mounted on stands and supported in gimbals. They are really 

gyro peloruses, and have the advantage that bearings taken with them are true bearings and do not 
have to be corrected for momentary deviations in course. 

The repeater on the flying bridge is usually installed where it can be used for steering as well as 

for taking bearings. 

The repeater installed in the radio direction finder is called a radio repeater. It is not mounted 

in gimbals. 

(d) The course recorder is a repeater of a different form. It is usually mounted in a convenient 

location in the pilothouse. It preserves a graphic record of the actual courses steered and the times 

of all changes in course. It is synchronized with the master compass so that courses steered are 

graphically recorded in ink on a paper chart with a speed of about 1% inches per hour. In addition 

to changes in course, yawing, poor steering, and the effect of weather on steering are automatically 

recorded. 

(e) The gyro pilot is described in 4431. 

4423. Advantages and Disadvantages of the Gyrocompass 

Since the master compass alines itself in the true meridian, all courses and bear- 
ings registered by the various gyro repeaters are automatically true. Because the 
master compass is unaffected by the earth’s magnetic field and the local magnetic 
forces within the ship itself, corrections for variation and deviation are eliminated. 

There is little lag, as compared with a magnetic compass. More accurate steer- 

ing is possible, even by hand, and less rudder needs to be used. 

Disadvantages are that the gyrocompass needs a constant source of electric power 

to function. Storage batteries should be provided to supply automatically the defi- 
ciency for a time, if the ship’s power fails. The mechanism must be put in operation 
several hours before it is to be used. 

The mechanism is complicated and somewhat delicate, requiring repairs by experts 
should anything go wrong. Because of this, magnetic compasses must always be 
available for instant use if needed. 

There is an error, of varying magnitude in different models, due to acceleration 
accompanying a change in course or speed. The acceleration exerts a force on the 
axis of rotation of the gyroscope and the compass starts to precess. This is a disad- 
vantage in hydrographic surveying because the frequent 90° or 180° turns may start 

an oscillation of-as much as 2° or 3°. The magnitude and duration of the precession 
depend on the period of oscillation and the amount of damping effect in each com- 

pass. Some gyrocompasses have a switch that can be turned just before such a 
maneuver to eliminate this difficulty more or less. 

4424. Starting the Gyrocompass 

The master compass should be started about 4 hours before the ship leaves port, 

depending on its period of oscillation and how nearly in the true meridian it can be 
started. It should be set by hand as nearly as possible in the true meridian before 
the starting switch is pressed. This can be done by comparison with the magnetic 
compass or by the following method if the vessel is alongside a wharf or pier: After 
the vessel is tied up, switch off the repeaters first. This will leave them synchronized 
and they will also indicate the true heading, assuming the vessel does not move. Then 
in starting the master compass, it can be set with reference to the repeaters. After 
the master compass has run long enough to level itself, the repeaters can be switched 
in when the readings agree. 
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If the gyrocompass stops at sea, it is easier to set all repeaters in agreement on one 
heading and switch the master compass in, than it is to set each repeater separately. 

There are two reasons for starting the gyrocompass several hours before leaving 
port: first, so that it may warm up to running temperature and to check its performance; 

and second, to give the master compass time to seek the true meridian. If it is started 
when it is within 2° or 3° of the true meridian, it should be close enough for all practical 
purposes in an hour or two. 

On the working ground the gyrocompass shall be kept running in readiness for 

use at any time. 
4425. Maintenance of Gyrocompass 

The gyrocompass needs no attention as long as it functions properly, except the 
periodic cleaning and oiling prescribed by the manufacturer. With each gyrocompass 
a large oiling and cleaning chart is supplied which should be mounted near the master 

compass. The cleaning and oiling is usually required at intervals of 3 or 4 weeks and 
may be done when the ship is in port and the gyroscope is stopped. All the exposed 
parts should be cleaned with a chamois skin or camel’s hair brush even though no dust 
can be noticed. A few drops of oil should be added in the oil cups as directed. The 

oil vials on each side of the rotor must be drained and refilled with new oil from a medi- 
cine dropper to get the correct amount. It is important to have the oil level at the 
marks on the vials but not above them. Only that grade of oil prescribed by the 
manufacturer shall be used. If the oil turns green it should be changed more frequently. 

443. Compass AUXILIARIES 

Several auxiliaries are used in connection with the ship compasses in navigation 
and position finding. Of these, the gyro pilot and the photoelectric pilot are modern 

inventions, but the azimuth circle and pelorus are old and well known. 

4431. Gyro Pilot 

The gyro pilot, or ‘Metal Mike” as it is frequently called, is an auxiliary for 
automatic steering used in conjunction with the gyrocompass. The gyro pilot consists 

of two units: the pilothouse unit at the steering station and the steering engine unit. 
The pilothouse unit is connected with the master gyrocompass. It provides three 

alternative methods of controlling the rudder: fully automatic gyro steering, hand 
steering by the gyro pilot wheel, and manual steering with the automatic control 

disengaged. To change course the gear lever is moved from automatic steering to 

gyro pilot wheel steering and the vessel is brought on the new course by the use of this 
wheel. The rudder indicator must be observed closely because the pilot wheel should 
not be turned faster than the rudder will follow. One turn of the wheel gives approxi- 
mately 8° of rudder. Changes in course of less than 10° are made by simply turning the 
gyro pilot wheel one spoke for each 4° change. The pilothouse unit may be adjusted 
by hand dials to improve the automatic steering performance in various weather 

conditions. 
In automatic steering the steering engine unit is operated by a contact maker actu- 

ated by the master gyrocompass. The slightest departure of the ship from its course 
due to yawing, wind, or waves is counteracted by an automatic movement of the 

rudder in the opposite direction to bring the ship back on course. 
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4432. Photoelectric Pilot 

The photoelectric pilot is a device for automatic steering in conjunction with the 
magnetic compass. There are three models of slightly different design for vessels of 
different sizes, although the same principle is embodied in each. The largest model is in 

use on the new auxiliary vessels of largest size. It is composed of the following five 

principal units: 

(a) The binnacle wnit, or directive element, consists of a high-grade magnetic compass of special construction, a simple light 

system, and a photoelectric cell, so arranged that the slightest deviation of the vessel from its course is detected and relayed to the 

steering engine unit. The binnacle unit is entirely automatic in operation. It is the brains of the pilot and performs accurately under 

all conditions of steering. It is entirely self-contained and requires no attention. Since it is not referred to in setting a course, it may 

be located in any convenient place in the vessel. 

(b) The steering engine unit consists principally of the main casting, differential gearing assembly, motorized speed reducer power 

unit (electric), wheel-locking brake, limit switch assembly, and the drive to the tiller lines. 

There are three gears in the differential assembly; the motorized speed reducer drives the first, the second being driven from the 

hand steering wheel, the drive to the steering cables being from the third member, or carrier. 

In any differential gearing assembly, whenever one of the three rotating members is locked and either of the two remaining members 

is rotated, the one remaining free member will also be rotated. 

For hand steering the first member of the differential is locked and the hand steering wheel is mechanically connected to the second 

member of the differential. Turning the hand steering wheel rotates the second member of the differential unit and this motion is 

imparted through the differential gears to the third member of the differential, or the carrier, from which the steering cables are driven. 

For either power or automatic steering, the second member of the differential is locked, the electric circuit to the steering motor 

is closed, and the motor is operated in response to the impulse from either the automatic compass or the power steering control switch. 

Operation of the steering motor through the differential gearing moves the steering cables. 

For power steering by hand, the steering motor operates at full power for rapid rudder movement, sufficient to move the rudder 

through an angle of 70° in 25 seconds. 

In automatic steering the motor is automatically slowed down, for considerably less speed is required than in power steering. In 

automatic steering the hand steering wheel is locked and cannot be rotated. This safety feature prevents anyone from being injured by 

coming in contact with a rapidly revolving power-driven steering wheel as when the steering wheel shaft is driven directly from the 

steering motor. 

Limit switches are mounted directly on the steering engine to stop the steering motor just before the rudder gets hard over in either 

direction. They are adjustable for any degree of rudder angle. 

A roller chain sprocket from the third member of the differential moves the steering cables. 

(c) The electric contro! cabinet wnit is composed of the heavy-duty reversing contactors, transfer relay, motor speed resistance, sensi- 

tive relay and amplifier units, and the voltage divider unit. The contactors control the current to the steering engine motor. The trans- 

fer relay is an electromagnetic relay which transfers the control circuits from power steering to automatic steering and vice versa. The 

sensitive relay and amplifier units and the motor speed resistance are used only in conjunction with the automatic compass in automatic 

steering. s 

(d) The pilothouse wheel, gear, and bearing wnit comprise the hand steering wheel shaft, the pilot power steering shaft and switch, 

and the switch control gearing. 

The hand steering shaft is directly connected to the second member of the differential by a continuous roller chain and chain 

sprockets. 

The photoelectric pilot power steering wheel drives a shaft with a worm and worm gear which operate the power steering switch. 

The rudder is moved by the steering motor in direct response to each movement of this pilot wheel. Centering this wheel causes the 

rudder to move amidships. Moving the pilot wheel halfway hard over to the right gives half-right rudder, etc. A rudder angle indicator 

indicates the actual rudder position at all times. 

To place the pilot in the automatic steering position, the pilot steering wheel is centered and a push button switch is pressed. This 

energizes the transfer relay in the control] cabinet causing the control to be shifted to the automatic compass. 

To transfer control from automatic to power steering, the pilot steering wheel is moved either way off-center to disengage the transfer 

relay, causing the control to be shifted to the power steering position. 

(e) The automatic differential unit is a small motor-driven differential connected in the drive between the steering engine and the 

binnacle unit. It is used only in automatic steering. Its function is to keep the automatic compass continuously alined with the mag- 

netic compass while steering by hand with the pilot steering wheel so that when a change is made to automatic steering, the automatic 

compass will always be on the proper heading. 

A smaller model is constructed and recommended for vessels between 50 and 100 
feet in length. It has been installed on the new wire-drag launches Hilgard and Wain- 
wright. It comprises three units: the steering motor with built-in clutch, the compass 
unit, and the electric control. 

The steering motor unit may be installed in any convenient location where it can 
be connected by means of a sprocket and roller chain, so that when the clutch is engaged 
the steering motor actually operates the rudder system. The compass unit should be 
located where it is as free from magnetic disturbance as practicable. The electric 
control system is usually installed in the engine room. 
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A still smaller model is recommended for Jaunches less than 50 feet in length. The 
motor, clutch, and electric control equipment are all combined in one compact unit to 
be attached directly to the steering wheel or somewhere in the steering system. The 

compass unit is separate. 
4433. Azimuth Circle 

An azimuth circle is used on a compass or pelorus for the purpose of measuring 
bearings of terrestrial or celestial objects. It is essentially a metal ring which fits 
snugly around the compass in such a manner that it may be rotated horizontally with 
respect to the lubber’s line. The ring is equipped with (@) a pair of sight vanes whose line 
of sight passes through the vertical axis of the compass; (b) a system of mirrors and 
prisms by which the point of the compass card cut by the vertical plane through the 

line of sight—in other words the compass reading—is brought into the field of view of 
the observer; and (c) another system of mirrors and prisms by which a pencil of the 
sun’s rays is reflected on the compass card in such a manner as to indicate the bearing. 

An azimuth circle should be tested occasionally for accuracy. This may be done 
by mounting it on a standard compass ashore at a place where the magnetic variation 

is accurately known. If the compass is otherwise unaffected a compass bearing of the 
sun should be the computed magnetic bearing at any instant and the difference between 

the two, if any, will be equal to the combined error of the compass and the error of the 
azimuth circle. There should be little measurable error in the compass, but any doubt 
in the matter may be eliminated by the use of two or more compasses. 

A more accurate method is to test the azimuth circle on a planetable on shore, no 

compass being used. 

On a piece of paper draw a circle slightly larger than the outside diameter of the azimuth circle. Two diameters of this circle are 

drawn at right angles to each other. Place the paper on the planetable and level the table carefully. Set the azimuth circle on the 

paper with the line joining the mirror and the prism coinciding with one of the penciled diameters. See that the bubble on the circle is 

in the center. If not, adjust it. Turn the planetable so that the sun’s reflection from the mirror is directed through the prism and 

clamp the table. Adjust the table by slow motion until the pencil of light from the prism is reflected directly down on the penciled 

diameter. Now tilt the mirror slightly and see if the pencil of light follows along the penciled line. The azimuth of the sun will change 

very little in the time necessary to make this test. If the pencil of light follows the penciled diameter as the mirror is tilted, the 

azimuth circle mirror and prism are as nearly correct as any field test will show. 

Now test the direct-vision vanes. First see if the line between them coincides with the penciled diameter at right angles to the one 

joining the mirror and the prism. By rotating the planetable, repoint the mirror toward the sun, then rapidly shift the azimuth circle 

90° in azimuth on the penciled circle. Ifthe direct vision vanes point accurately toward the sun, you may assume they are at right 

angles to the line joining the mirror and the prism. 

If the azimuth circle, by this test, is found to be out of adjustment, it should be returned to the Washington Office for adjustment 

and another one requisitioned, unless the error is caused by a minor maladjustment which can be remedied in the field. Small errors 

in the direct-vision vanes can be corrected, but any displacement of the prism, caused by its being chipped or having been knocked 

out of adjustment, can scarcely be corrected satisfactorily except by a skilled instrument maker. 

4434, Pelorus 

The pelorus, also called the Dumb Compass, consists of a circular flat metallic 
ring, mounted in gimbals on a vertical stand. One is usually installed on each wing 
of the bridge and on the flying bridge of the ship for use in taking bearings. The line 
between the center of the ring and the index mark must be parallel with the fore- 
and-aft line of the ship (see 4437). The metallic ring is graduated from 0° through 
360°, the same as the compass card, and can be revolved so that it can be set to corre- 
spond with the ship’s course. Bearings are observed by means of a sighting vane which 
can be revolved horizontally by hand. A bearing by pelorus must be taken when the 
ship is exactly on course, or the ship’s heading by compass must be read at the instant 
of observation and the pelorus bearing corrected for any deviation from the course. 
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Because of the damping of the oscillations there is a slight lag in the response of 
a magnetic compass. Precise bearings by pelorus referred to a magnetic compass are 
only possible when the ship is steady on course and the rudder is amidships. An ob- 
server should be stationed at the compass, whose duty is not only to read the heading 

at the instant of observation but to watch the wheel, rudder, ship’s head, and the 
action of the compass for the most propitious moment. 

When referred to the magnetic compass, bearings by pelorus must be corrected 
for variation and deviation to obtain the true bearing. Ships equipped with gyro- 
compasses have repeaters mounted in the pelorus stands so that all bearings observed 
are automatically true without corrections for the ship’s heading, variation, or deviation. 

4435. Telescopic Alidade 

More accurate bearings: can be observed with an azimuth circle or a pelorus 
equipped with a telescope than are possible with an ordinary sighting vane. This is 
particularly true in hydrographic surveying where bearings are desired on buoys or 
distant objects, which are almost invisible to the naked eye. 

The telescope should be of a low power with a large field of view which contains 
a vertical sighting line. The low power and large field of view are of great assistance 
in finding an indistinct object. 

A telescopic alidade, which is available for use with the gyrocompass repeaters, 
resembles an azimuth circle on which is mounted an erecting telescope of about 3 
power. It is arranged so that the’part of the compass card vertically below the line 
of sight is reflected by prisms into the field of view. A level bubble is also reflected 
into the field of view. A rotatable prism may be attached for use in taking bearings 
of celestial objects; with it an object at any altitude can be reflected into the field of 
view while the telescope is kept level. Since the graduations of the compass card and 
the level bubble are in the field of view at all times, it is easy to read a bearing even when 
the ship yaws, rolls, or pitches so much that the telescope can be pointed at an object 
for only an instant. 

Used with a gyrocompass, bearings are believed to be accurate to a half-degree 
even under moderately unfavorable conditions, that is, with a moderate sea and only 
fair visibility; and still more accurate under favorable conditions. 

4436. Small Theodolite Used as a Pelorus 

A small 4-inch theodolite can be substituted for a pelorus with telescopic alidade 
with good results. The instrument should be mounted in a suitable location and be 
well secured. If the instrument tripod is used the legs should be well lashed to a ring- 
bolt in the deck. The instrument must be oriented so that the 0° and 180° of the 
lower plate are alined parallel to the lubber’s line of the compass (see 4437). 

On a distant object a rapid sequence of observations is made, the ship’s head by 
compass being read at each “mark.” The observations should extend over equal time 
intervals before and after the time of the position. 

The observations should be made at approximately equal intervals, but it is more 
important that the ship and compass be steady at each observation than that a regular 
time interval be maintained. ; 

Each observed bearing is applied to the respective compass heading, and the mean 
of the series is taken and corrected for the variation and compass deviation to obtain 
the true bearing. 

4653882—44 24 
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4437. Alinement of Pelorus 

A pelorus must be installed so that the line joining its index mark and the center 
of its dummy compass is parallel with the lubber’s line of the ship compass, to avoid 
erroneous bearings. After the standard compass has been installed, the alinement of 
a pelorus may be tested, or a new pelorus oriented most accurately by simultaneous 
observations by pelorus and compass on a celestial body or distant object. The angle 
measured by pelorus should equal the difference between the compass heading and 
bearing. Every pelorus with which bearings for use in hydrography are to be observed 
should be tested in this way at the beginning of each season. 

Any of the following methods may also be used, but with less accurate results, 
and they generally presuppose that the lubber’s line of the compass is correctly alined 

with the centerline of the vessel: 

(a) By reciprocal bearings between the standard compass and the pelorus. If the lubber’s line 

of each instrument is parallel to the centerline of the vessel, the bearings should differ by exactly 180°. 

(b) By computing the angle at the jack staff between the centerline of the vessel and a line to 

the pelorus. The pelorus is then set at this computed angle and the line of sight should pass through 

the jack staff. To compute the angle at the jack staff, find where a perpendicular from the pelorus 

intersects the centerline of the vessel, and measure the two distances. The distance from the point 

of intersection to the pelorus divided by the distance from the point of intersection to the jack staff 

will be the tangent of the desired angle. 

(c) By equal offsets from the centerline while the vessel is stationary alongside a wharf. A point 

is located on the wharf or on shore which is on the prolongation of the centerline. The distance 

between the centerline of the vessel and the pelorus is measured. This distance is laid off from the 

point on the prolongation of the centerline. The index of the pelorus should pass through this point. 

444. Rapro DIRECTION FINDER 

A loop antenna attached to a radio receiving set receives an incoming signal at 

maximum strength when the plane of the loop is parallel to the direction of the incoming 

signal, and at minimum strength when its plane is perpendicular to the direction of the 

incoming signal. The change in intensity for a given angular rotation of the loop is 
more marked near the minimum than near the maximum. These characteristics are 

utilized in the radio direction finder to determine the direction of an incoming radio 

signal. 
A radio direction finder, sometimes also referred to as a radio compass or radio 

pelorus, is basically a special type of radio receiver equipped with a loop antenna above 

the top deck of the vessel. The loop is mounted on a vertical shaft to whose lower end 
is attached a compass card. The loop can be rotated in azimuth. 

Bearings are read from the compass card referred to the magnetic compass, in which 

case the ship’s heading must be marked at each reading, or from a bearing repeater in 

connection with a gyrocompass system. 
The radio receiver must give a relatively loud signal so that the minimum will be 

more sharply defined and should eliminate other undesired signals or interference. 

Operating and maintenance instructions are supplied by the manufacturer with each 

instrument and should be followed. 

4441. Use of Radio Direction Finder 

The radio direction finder is useful principally in navigation, and a bearing obtained 
with it is utilized just as a visual bearing is, and may be combined with other data to 
determine a ship’s position. It is rarely of value in hydrographic surveying, for 
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at distances where it might be of use the results are not sufficiently precise. Any error 

is an angular one, increasing the linear error proportionally to the distance. Radio 
bearings may be useful as a last resort to fix the end of an astronomically controlled 
sounding line, when fog or other conditions prevent the use of more accurate methods. 

Radio bearings are useful in navigation in clear weather as well as in fog. Collisions 
with passing vessels can be avoided in fog by observing their radio bearings and 
whether they change. 

Certain radiobeacons operated by the United States Coast Guard have their radio 
signals synchronized with sound signals, so that, within audible range of the sound signal, 
a distance as well as a bearing from the station may be determined. 

Unless the instrument is equipped with a gyro repeater, the helmsman or an 

observer must note the ship’s heading at each bearing and each bearing must be cor- 

rected for the actual heading just as bearings by pelorus are corrected (see 4434). If 
the minimum is indistinct or if the ship is yawing badly owing to heavy weather, the 
mean of several readings should be used. 

4442. Radio Direction Finder Deviation 

Every part of a vessel and every object on board, capable of conducting electricity, 

has an electromagnetic field which affects the direction of the received signal in a 
manner similar to the effect of the ship’s magnetic field on a magnetic compass. This 

error will differ for each bearing of the loop antenna with reference to the ship’s heading. 
Each instrument should be adjusted to compensate for most of the errors and the 

residual error should be determined for each position of the loop. This error is called 
the deviation and a deviation curve can be plotted similar to one for a ship magnetic 
compass. 

The deviation is determined from a ship swing within sight of a radio transmitting 
station by taking several simultaneous visual and radio bearings on each heading. 
The transmitting station should be at the optimum distance for the visual and radio 
bearings, but never less than 1 mile. There should be little or no land between the 
ship and the station. Radiobeacons operated by the Coast Guard will broadcast 
specially for use in calibration if requested. 

The differences between the visual bearings and the respective radio bearings, 
referred to the centerline of the ship, are the deviations of the radio direction finder for 
the various positions of the loop antenna. The visual bearings must be observed with 

ereat care since on them depends the accuracy of all future radio bearings. The ship’s 

heading at each observation must be noted. The swing should be similar to that 
required for a magnetic compass. 

The calibration of the radio direction finder should be made with the vessel in 
normal condition for sea, with all boats hoisted and movable objects in place. It must 

be borne in mind that changes in the positions of large metal masses, particularly if 

near the loop, may change the deviations of the instrument. 
The values of the deviations should be verified occasionally by simultaneous 

visual and radio bearings. 
Usually the maximum deviation will be where the plane of the loop is at a 45° 

angle to the fore-and-aft line of the vessel, and the minimum will be where it is parallel 
or perpendicular to the fore-and-aft line. 
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4443. Radio Bearings 

A radio direction finder is generally used to determine the bearing of a radio signal 

transmitted from a station whose geographic position is known. There are four general 
classes of stations whose bearings may be observed: 

(a) Radiobeacons operated as aids to navigation by the Coast Guard. These operate con- 

tinuously during fog or low visibility, and in clear weather during certain specified intervals. Each 

station emits a characteristic radio signal by which it may be identified by anyone without knowledge 

of the radio code. They are installed on lightships and near lighthouses where bearings to them will, in 

most cases, be entirely over water. The positions and characteristics of these stations and other 

valuable information are contained in the Light Lists of the United States Coast Guard, and in H. O. 

Publication No. 205, Radio Navigational Aids; their characteristics are also given on small reference 

radiobeacon charts published by the Coast Guard. ll are charted on the nautical charts. 

(b) The transmitters of direction-finder stations operated by the Coast Guard. These stations 

are primarily for furnishing bearings to vessels not equipped with radiocompasses, but bearings of 

their transmitters may be observed. A list of these with their call letters and characteristics and with 

the geographic positions of the transmitters is contained in H. O. Publication No. 205; other operational 

information is included. Similar information is in the Light Lists, except for the positions of the 

transmitters. All are charted on the nautical charts. 

(c) Other federal and commercial shore radio stations near the coast, whose positions are known. 

(d) Ships at sea. 

For bearings on stations in (b), (c), and (d), except broadcasting stations, it is 

necessary to call the station by its radio call letters for identification and perhaps to 
get it to transmit. 

It should be borne in mind that the published positions of stations in (c) are only 
approximate in many cases. Also such stations are likely to be inland from the coast 
and any intervening land may affect the direction of the received signal. It is best 
not to use stations in (c) unless they are known to be very near the shore. 

4444, Accuracy of Radio Bearings 

In navigation, if three radio bearings intersect at a point, or nearly so, it may be 
generally assumed that a reasonably accurate position of the ship has been obtained. 
Less trust should be placed in radio bearings taken when conditions appear to be unfa- 
vorable, as for example, when they may be affected by excessive static, or by night 

effect; at such times they should be checked by repetitions and by any other means 
available. Radio bearings obtained with a radio direction finder on board ship may 

generally be considered to be correct within 2° if the following precautions are observed: 

(a) Radio bearings should be observed by an experienced operator. 

(b) The received signal should be sufficiently strong for the minimum to be clear cut and well 

defined. 
(c) Radio bearings on stations more than 150 miles distant should be considered approximate. 

(d) On some instruments the operator cannot tell whether he is measuring the bearing or its 

reciprocal. 
(e) The deviation of the radio direction finder should be known accurately and applied. 

(f) Unless a gyro repeater is used, the ship’s heading should be noted at the instant each bearing 

is observed, and any correction applied. It should be noted that the accuracy of a radio bearing 

depends on the accuracy with which the ship’s heading at the instant of observation is known. ‘The 

same care is required as for bearings by pelorus or azimuth circle. If the heading depends on a mag- 

netic compass, the accuracy with which its deviation and the variation are known also enters into the 

- result. 
(g) The bearing of a station, whose radio signal passes over land in reaching the ship, should be 

considered approximate. 
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(h) The bearing should not be taken of a station whose radio signal travels any appreciable 

distance along the shore. ; 
(7) Night effect may be observed in bearings, particularly near sunrise and sunset. It is due to 

periodic unequal ionization of the air and may cause serious errors in bearings. It is usually mani- 

fested in a very wide or swinging minimum, so that the bearings seem to be changing while being 

observed. Errors due to night effect are not usually encountered at distances less than 30 to 50 miles. 

4445. Radio Bearings on a Mercator Chart 

Radio bearings are arcs of great circles, or geodetic bearings, and, like them, must 
be corrected for the convergence of the meridians before being plotted on a Mercator 
chart. Only true north and south bearings, and true east and west bearings along 
the Equator, do not require this correction. 

A table of corrections is published in the Coast Pilot; table’1 in Bowditch contains 

similar data. For distances less than 50 miles, the corrections are negligible. 
It is important to apply the corrections with the proper sign. When bearings 

are taken from the ship and read clockwise, the sign of the correction is minus in north 
latitude where the ship is east of the radiobeacon and plus where it is west. In south 
latitude the signs are reversed. ‘The signs are also reversed for bearings observed at 
the radiobeacon and radioed to the ship. 

A radio bearing is always plotted from the position of the radiobeacon or fixed 
station since its position is known and charted. Consequently, if bearings are observed 
from the ship, 180° must be added after other correction. 

For all practical distances radio bearings can be plotted without correction on 
Lambert projections. 

445. Saie Loes 

Ship logs are mechanical devices for measuring the distance or speed a vessel travels 
through the water. They are used extensively in navigation and in dead reckoning 
in hydrographic surveying. Logs are calibrated to register distance in nautical miles, 
or speed in knots. The revolution counter, although not a log, may be used for the 

same purpose, when properly rated. 

4451. Patent Log 

The patent, or taffrail, log consists of a rotator towed through the water, the revolu- 

tions of the rotator being transmitted through the towline to a registering dial. The 
registering dial is sometimes installed on the rail at the stern quarter of the vessel, 
hence the name taffrail log; but for convenience in reading and to tow the rotator 

farther to one side of the wash of the propeller, it is often installed on the wing of the 
bridge, the towline being streamed from the end of a boom. 

The rotator is a brass cone or spindle with spiral fins which cause it to rotate accord- 

ing to the speed with which it is drawn through the water. The logline or towline is 
a hard-laid type which does not snarl. 

The rotator must be submerged at all times and towed far enough astern to avoid 
most of the effect of the propeller. The required length of towline varies, depending 

on the speed of the vessel and the height of the registermg device. In general, for 
speeds up to 12 knots the length should be from 200 to 250 feet, and for 15 knots 

300 to 350 feet. The best length for any vessel may be found experimentally by 
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steaming over a known distance. A new towline will stretch and it should be 

shortened to correct for this after having been used for a few hundred miles. 

When the log is streamed, the line should be payed out gradually. During use, 
the register shall be oiled in accordance with the manufacturer’s directions, which is 
usually once every 4 hours. The rotator must be handled carefully to keep the vanes 
from being dented or damaged in any way. The slightest dent in a vane will change the 
log factor appreciably. 

When not in use, the log shall be carefully stowed in the box provided for that 
purpose. It shall be cleaned after each period of use to remove salt deposits. 

There are also eleetric attachments which can be used to duplicate the readings 
of the registering dial in the pilothouse, or in any part of the vessel. This permits the 

officer of the watch to read the log himself instead of having to rely on a quartermaster 
or seaman who is sent aft for that purpose. 

4452. Electric Submerged Log 

The electric submerged log is installed inside the hull of the vessel with a tube 

extending through the hull into the water. The motion of the vessel through the 

water turns a small rotator, whose revolutions are transmitted to a mechanism nearby, 

which is connected electrically to a registering dial in the pilothouse. The installa- 
tion consists of a hull fitting and valve extension, or log casing, the submerged log 
mechanism and rotator, the distance indicator, and the electric connections. 

Two makes of submerged logs, the Chernikeef and the Meridian, are installed on 
survey ships of the Coast and Geodetic Survey. In the most improved type of Meridian 
log the diameter of the rotator spindle has been increased and the entire log tube, the 
mechanism chamber, and the hub of the rotator have been filled with oil. The oil is 

kept at a pressure slightly exceeding the external pressure to prevent the entry of salt 

water. The dynamic pressure resulting from the ship’s motion through the water is 
utilized to drive the oil through the spindle bearings of the mechanism. A signal light 

can be provided in the pilothouse to indicate that the oil in the log needs to be replen- 

ished or that water has entered the mechanism chamber. The oil should be renewed 

and the oil pressure maintained, and the mechanism should be cleaned and oiled, in 

accordance with the manufacturer’s instructions. 
The submerged mechanism should be drawn up into the hull when maneuvering 

in shallow water, near kelp or other marine growth, where there may be submerged 
logs, and at all times when not in actual use, to prevent fouling of, or damage to, the 

log mechanism. An appreciable change in the log factor is an indication that the 

apparatus may have become fouled. 
The electric submerged log possesses the following advantages: 

(a) There is no logline to be streamed, to be kept from fouling when the vessel stops, or to foul 

on survey buoys which are passed close aboard. 

(b) There is no loss of distance when the vessel stops for vertical casts or for other reasons. 

(c) Neither the state of the sea, the speed, nor the wake of the propeller affects the registration 

of the distances. 

(d) The log, being beneath the bottom of the vessel, is clear of all floating obstructions and 

debris. 

(e) The apparatus can be easily drawn inboard for inspection or attention. 

(f) The registering dial is in the pilothouse where it can be read accurately and conveniently. 
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4453. Use of Logs in Hydrographic Surveying 

In ship hydrography controlled by dead reckoning or astronomic observations it 
is important to use two logs, which are read simultaneously to the nearest 0.01 nautical 
mile at each position. The mean of the distances given by the two logs, after their 

respective log factors have been applied, is used except when the results indicate that 
one has been functioning incorrectly. The use of two logs provides a check and is a 
safety factor in case one of them functions improperly. 

When a taffrail log is used in ship hydrography, the ship’s crew must be prohibited 
from throwing overboard rags or other materials which might foul the rotator. 

4454. Calibration of Logs 

Logs shall be rated at the following times: at the beginning of each season’s work; 
every 3 months during the field season if used to any appreciable extent in hydro- 

graphy, except R.A.R.; and at any time there are indications that the rate of any log 

has changed appreciably. 

A log factor is determined by comparing a distance as measured by the log with the 
true distance, assuming that no current has been encountered during the calibration 
run. This operation is similar to the calibration of the taut-wire apparatus described 

in 4467, except for the disturbing influence of the current on log measurements. Any 

one of the four methods described in 4467 may be used to calibrate logs. 

Logs should be rated at the speed of vessel at which they will be used. This will 

generally be the standard speed used in navigation and hydrography. (The extensive 
use of echo sounding has practically eliminated handlead sounding at slow speeds in 

areas where the use of a log would be necessary.) If it is expected that the logs will 
be needed for speeds other than standard speed, however, they should be also rated 

at the slower speeds. The taffrail and submerged logs and the revolution counter shall 
be rated on all runs made for determining log factors. 

In determining log factors, the same precautions are required and the maneuvers 
should be performed with the same accuracy as in calibrating the taut-wire apparatus. 

In addition, certain other precautions are necessary, principally owing to the effect of 

the current on the log measurements. A calibration run must be started far enough 
from the beginning of the course. to permit the taffrail logs to assume their normal 

rotation for that speed. Around turns taffrail logs follow an are described by a shorter 

radius than that followed by the ship, and for that reason are rotating at a slower speed 
than normal at such times. The course to be followed during the calibration must be 
steered for several minutes before the initial end of the calibration distance is reached. 

A proficient helmsman must be at the wheel to steer a straight course throughout the 
run. The logs and the revolution counter must be read accurately and at the instant 
of the mark, and the times recorded. 

Logs should preferably be rated where there is no current whatsoever, but such a 

condition is rarely obtainable. In an area where current is to be expected the calibration 

runs should be made at a time near slack water and the course selected should be 
parallel to the direction of the current. Cross-currents should be avoided. 

A current which does not exceed 0.25 knot may be disregarded in log calibration 
runs. Stated in another way, when the difference between the log distances for con- 
secutive runs in opposite directions is not more than 5 percent of the distance, the 

current may be ignored. 
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If the velocity of the current is too great to be ignored, the log factor must be 
obtained by solving simultaneous equations based on the two consecutive runs in 
opposite directions. The fundamental formula is 

y= Tz=D 

in which R is the log distance, y is the factor, 7’ is the time interval, x is the velocity 
of the current, and D is the true distance of the calibration run. 

In using the formula it is assumed that the ship encounters an identical current 
throughout the double run. For this reason it is important that a calibration run 
in a current be made at a time when the current is constant, or nearly so, during the 

entire period of the double run. 

Where the current is weak enough to be ignored, better results will be obtained if 

the calibration distances are comparatively long—at least 3 or 4 miles. In this case 
it should be sufficient to steam along the course three times, twice in one direction 
and once in the other direction. The mean of the first two runs may then be com- 

pared with the mean of the second and third runs to detect any blunders which may 
have been made. 

Where there is enough current to be taken into account, the runs should be made 

along a shorter calibration distance—one of approximately 1 mile. In this case the 
complete calibration should consist of no less than three double runs. The reason 
for using a shorter distance where there is current is to shorten the time required for 
each double run so that there will be less likelihood of a change of current during it. 

Log factors should be determined to three decimal places. Graphic scales for use 
in applying log factors during hydrographic surveying are described in 4827. 

446. Taut-WIRE APPARATUS 

The taut-wire apparatus furnishes the most accurate means of measuring hori- 

zontal distances at sea. The apparatus is constructed so that a wire of small diam- 

eter, one end of which is anchored on the bottom, passes around a calibrated sheave 
as the ship steams along the route to be measured. The apparatus requires no mo- 
tive power. If the anchor does not drag, the wire will remain stationary with refer- 

ence to the ground, being drawn off the apparatus as the ship moves ahead. A unique 

feature of the design, adapted from submarine-cable laying equipment, is a revolving 

arm that unreels the wire from a large stationary reel so that the wire always remains 

taut. 

The taut-wire apparatus was developed in England and has been used in hydro- 

graphic surveying by the Hydrographic Department of the British Admiralty since 
about 1921. The first apparatus acquired by the Coast and Geodetic Survey was 
installed on the ship Oceanographer in March 1933; others have since been installed 
on five other ships. The apparatus is an important factor in the position accuracy of 

recent offshore surveys and has made it practicable to extend accurate surveys to 
increased distances beyond the visibility of shore signals. 

The manufacturer of the taut-wire apparatus, the Telegraph Construction and 
Maintenance Company, Limited, of East Greenwich, England, makes a large and a 

small-sized apparatus. They differ in operating principle as well as in the length of 
wire contained. The larger apparatus requires considerable space for installation and 
its use is limited to the larger ships; the smaller is more compact and is adapted for use 

on board small vessels. 
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4461. Description of Large Taut-Wire Apparatus 

The large taut-wire apparatus (fig. 75) consists of two principal parts, (1) a heavy standard A to which is attached a heavy reel 

C containing the wire, an unreeling mechanism D, and a brake and tension adjusting mechanism E; and (2) a long metal stand B 

which contains the measuring apparatus consisting of a cyclometer wheel F and revolution counter G, a dynamometer H, and suit 

able rollers and fair-lead sheaves to lead the wire over the measuring apparatus and toward the ship’s stern. 

- NOT LESS THAN 13 FEET - 

FIGURE 75.—The large taut-wire apparatus. 

The standard A is permanently mounted on deck by through bolts to a structural member of the ship’s hull. The standard 

has a horizontal spindle J to the after end of which is affixed a detachable flyer arm D, on one end of which a wheel K is mounted 

at an angle of about 45° with the axis of the spindle, and on the other end of which is a counterpoise weight Z. A brake drum B, 

enclosed by a split brake kand, is attached to the forward end of the spindle. The brake is operated by wing nuts M that work 

against springs on two bolts connecting the two sides of the band, which are used to adjust the tension on the wire. The flyer arm is 

detachable so that the reel, containing the wire, may be secured to and removed from a bracket on the standard. The reel is secured 

to the bracket by a center consisting of a central ring and three arms. The central ring is held to the bracket by a heavy setscrew 

and the end of each arm carries two setscrews that fit against a pad which engages a recess in the inner circumference of the reel. 

The center should be secured to the reel before it is attached to the bracket on the standard. 

The reel, when fully wound, contains approximately 140 nautical miles of 0.0285-inch diameter (No. 21 B and S gage) piano wire 

having a tensile strength of approximately 190 pounds. The wire should not be galvanized for this would cause erratic operation 

of the apparatus. Any splices should be securely and neatly made so they will pass through the measuring apparatus without part- 

ing or catching. The reel must be mounted on the standard so that the wire will be unreeled by clockwise revolutions of the flyer 

arm. 

The measuring apparatus is mounted on a metal stand which is slightly more than 8 feet long and 2 feet wide at the base. The 

forward end of the measuring apparatus contains two pairs of rollers N, mounted at right-angles to each other, whose important func- 

tion it is to eliminate the rotary motion of the wire as it is unreeled from the reel. From between these rollers the wire takes a three- 

quarter turn around the circumference of the eyclometer wheel F, which is mounted between the horizontal members of the stand P. 

A six-figure revolution counter G registers each complete revolution of the cyclometer wheel. This wheel, over which the wire passes, 

is constructed with a circumference intended to equal one-thousandth part of a nautical mile. 

The wire passes vertically upward from the forward edge of the cyclometer wheel, crossing the horizontal lead to the wheel, and 

over a fair-lead sheave Q mounted on the forward vertical member of the stand so that the wire will cross without interference. 

From the forward fair-lead sheave the wire passes under the sheave H of the dynamometer. 

The dynamometer is an apparatus that indicates the tension of the wire. It consists ofasheave mounted in a frame R, that slides 

on two round vertical guide rcds with springs at their lower ends. The frame is free to slide up and down on the guide rods and the 

tension on the wire is indicated by the position of a pointer attached to the frame relative to a calibrated scale on the forward side of 

the angle iron uprights. ‘The wire passes around the lower side of the dynamometer sheave and from the lift of the sheave and frame, 

the tension on the wire is indicated on the scale. 

After the wire leaves the dynamometer sheave it passes up over the after fair-lead sheave S, mounted on the after vertical member 

of the stand. Three rollers 7, two vertical and one horizontal, are mounted aft of the fair-lead sheave and from between these, the 

wire passes into the water astern of the ship. If the wire does not lead fair into the water, additional rollers must be provided on 

the stern to lead it over the taffrail. 

One spare reel is generally provided so that it may be sent to the wire manufacturer for refilling while the other reel is in use. 

The operation of the apparatus is simple. After the end of the wire has been 
anchored and a tension has been placed on it by the ship’s forward motion, the pull of 
the wire causes the flyer to revolve around the reel, lifting and unreeling the wire from 
the reel. The rotational velocity of the flyer depends directly on the forward speed 

of the vessel over the ground, and on a straight course over level bottom the length 
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of wire payed out will measure the true distance and be so indicated on the revolution 
counter, if it has been properly calibrated. 

4462. Small Taut-Wire Apparatus 

The small taut-wire apparatus operates on essentially the same principle as the large apparatus but it is built in one compact 

unit that is very similar in appearance to a wire sounding machine. On each side of a sheet-metal base, 1444 inches wide by 35 inches 

long, are welded triangular-shaped supports, 214 inches high, for a spindle, on which a reel with a capacity of 20 miles of piano wire 

is permanently mounted. A brake drum, fixed on the spindle, is partly surrounded by a band brake operated by a wheel 

mounted near the top of one of the triangular-shaped supports. A horizontal bar, pivoted above the center of the reel, has a eyclom- 

eter wheel geared to a dial-type of distance indicator on the after end and a spring balance on the forward end. This assembly 

forms a beam-type of dynamometer to measure the tension on the wire. 

The distance is registered on a round dial having two concentric graduated scales each of which bas a clock-like pointer hand. 

The inner scale is divided into 20 nautical miles, subdivided in tenths of miles. One revolution of the outer scale is equivalent to 

0.2 nautical mile, divided and marked in hundredths of a mile and subdivided in thousandths, so that distances may be estimated 

to ten-thousandths of a nautical mile. An attachment is provided so that both pointer hands may be set at zero or as desired. 

The lower end of the spring balance is attached by a metal rod to the base, and its upper end is suspended from the forward end 

of the horizontal bar. From the spring balance the tension on the wire may be read to half-pounds on a circular dial graduated from 

0 to 100. When the apparatus is in operation the brake should be adjusted so that a tension of 36 to 40 pounds is indicated on the 

spring balance. 

The apparatus should be installed and cared for and distances should be measured with it in much the same manner as described 

for the large taut-wire apparatus (see 4463, 4464, and 4466). The operation of the apparatus is slightly different, for the reel revolves 

as the wire is payed out instead of remaining stationary as it does on the large taut-wire apparatus. Depending on the freedom with 

which the reel revolves, a heavier anchor may be required than is used with the large taut-wire apparatus. 

The apparatus is prepared for use by reeving the wire from the bottom of the reel over the after side of the cyclometer wheel and 

three-quarters of a turn around it. The wire crosses below the cyclometer wheel, and is then passed under the fair-lead sheave on 

an arm attached to the after end of the base. From here the wire is lead over the stern of the vessel, through fair-lead rollers if 

necessary, and the anchor weight attached as explained in 4465. 

The reel is not removable and the wire must be wound on it on board ship. The wire should be wound on the reel under ten- 

sion. It should be led from aft around the eyclometer wheel and under the fair-lead sheave on to the bottom of the reel. A manually 

operated attachment is provided at the base of the apparatus for use in winding the wire in even layers. A rope pully is attached to 

one end of the spindle so that power may be used and a crank is supplied for use in turning the reel by hand power. 

There is insufficient clearance where the wire crosses under the cyclometer wheel; the wire coming off one side of the reel clears 

but will rub coming off the other side. Wire in one continuous piece should be used, but where splices are necessary they must be 

made securely and neatly, and they should be wound on that side of the reel where they will pass through the apparatus without 

interference. 

The apparatus should be calibrated in the manner and with the accuracy de- 
scribed in 4467 for the large taut-wire apparatus. The instrument may be read to 
closer limits, however, and a measured mile course marked by shore ranges should be 

of sufficient length to determine an accurate calibration factor. 

4463. Installation of Taut-Wire Apparatus 

The taut-wire apparatus must be installed near the ship’s stern, and preferably where the wire, as it leaves the after rollers, will 

lead fair over the stern into the water. Such an installation is often impracticable, for the weight of the apparatus confines it to the 

main deck and the height of the taffrail often requires additional rollers to lead the wire over it astern. ‘The two parts of the large taut- 

wire apparatus should be alined parallel to the centerline of the ship. There must be sufficient clear space between the standard and 

the measuring-apparatus stand for the flyer to revolve without interference, and a clear space aft of the apparatus for the wire to pass 

over the stern. A suitable location may generally be found on the quarterdeck or in one of the deck passageways between the house 

and the bulwarks. In the latter case, if there is a choice of sides, that side should be preferred where the revolution counter can be read 

most conveniently. 

The standard and reel full of wire weigh approximately 3,000 pounds, so the standard must be mounted on a substantial foun- 

dation. The standard on a wooden base is bolted to the deck with 114-inch through bolts, engaging a structural member of the ship’s 

hull. The axis of the reel must be parallel with the centerline of the ship. A special davit is furnished with the apparatus, to be 

mounted near the standard for use in handling the heavy reel, but it may not be required if the standard is located where a boat 

davit can be used instead. 

The measuring-apparatus stand should be installed with its forward end not less than 13 feet astern of the standard (fig. 75). It 

must be installed so that it will be level when the ship is trimmed normally and on an even keel for the dynamometer to function 

properly. If the dynamometer is inclined, the frame will bind on the guide rods, restricting its vertical movement and preventing 

the registration of the true tension of the wire. The stand-is generally fastened by bolts through the deck and mounted on thwart- 

ship blocks which are wedged on the outboard side, if necessary, to make the installation level. . 

If additional rollers are required on the stern they are generally improvised from material on board. They may be either per- 

manently secured to the taffrail or mounted on a suitable piece of lumber to be lashed securely to the rail when in use. 
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4464. Care of Taut-Wire Apparatus 

The taut-wire apparatus is a comparatively simple mechanism and requires only 

ordinary care. All rotating parts are provided with grease cups or oilholes and they 
must be kept clean and well greased or oiled to ensure free movement. When the 
apparatus is idle, the flyer arm should be left in a position so that the hole in the lubri- 
cating ring is at the top. The brake drum should be lubricated with only two or three 
drops of light oil. 

Light-canvas covers should be made and used to protect the apparatus when it 

is not in use. One may be made to cover the entire measuring-apparatus stand and 

another to cover the entire reel and standard, with provision in the latter to fit the 

flyer at the correct idle position, as described in the preceding paragraph. The wire 

on the reel must always be protected with several layers of oil-soaked cloth wrapped 
around the entire circumference, before the cover is placed on the drum standard. 

The outer layers of wire are thickly greased by the wire manufacturers as protec- 
tion from rust durmg shipment and storage. When a reel of new wire is first used 

this grease is quite annoying because the revolving flyer arm throws it in all directions, 

and some of it is carried to the revolving wheels where it is thrown on the deck and 

overhead. As protection from this the vulnerable parts of the ship should be covered 

with canvas or discarded tarpaulins, when a reel of new wire is first used. 

4465. Preparation of Taut-Wire Apparatus for Use 

Each time before use all sheaves, rollers, and revolving parts of the taut-wire 
apparatus should be well lubricated. The grease cups should be removed, filled with 
a satisfactory grade of cup grease, and replaced. The parts requiring oil should be 
lubricated with a medium weight of engine oil. A special ‘Stauffer’ lubricator, pro- 

vided with the taut-wire apparatus, is used to lubricate the spindle of the standard. 

It must be screwed on the spindle lubrication hole after the brass hexagon cap has 
been removed. After the spindle has been filled with grease, the lubricator is removed 
and the hexagon cap replaced. After lubrication, all sheaves and rollers should be 
inspected and tested to ensure that they revolve freely. : 

The wire passes through the measuring apparatus as indicated by the direction 
of the arrows in figure 75. Before reeving the wire through the sheaves, the tension 

on the brake drum should be decreased by loosening the two wing nuts on the brake 
bands until the wire may be pulled off the reel by hand. The wire passes only three- 
fourths of a turn around the cyclometer wheel and care must be taken to pass it on the 
correct side so that the wire leaving the wheel clears the wire entering the wheel, where 

it crosses. After the wire has been rove through the measuring apparatus, it is led 
to the stern of the vessel and passed through the taffrail rollers, if these are used. 

The end of the wire is then brought inboard and after sufficient slack has been 
pulled off the reel, the tension on the brake is increased and the wire made taut so that 

it will stay on the sheaves of the measuring apparatus. <A length of Manila rope is 

secured to the end of the wire and the anchor weight is attached to the end of the rope. 

Any piece of scrap iron weighing from 65 to 80 pounds may be used for an anchor. The 
rope should be of small diameter but long enough so that the anchor may be lowered 
into the water by it. After the rope and anchor are attached, any slack wire should 
be reeled back on the reel by backing the flyer arm around the reel. 
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4466. Distance Measurements by Taut Wire 

Any distance at sea may be measured by taut wire. The taut-wire apparatus was 
especially designed to measure horizontal distances between buoy stations, and its 

principal use is for the measurement of distances between stations in a buoy traverse. 
During a taut-wire measurement only one man is required to attend the apparatus 

constantly, but two observers are required to read the revolution counter when a‘‘mark”’ 

is given. The taut-wire attendant stands by the apparatus on the alert to see that all 

parts function properly and to maintain the correct tension on the wire. He also gives 
the ‘‘mark”’ when the station is abeam, so that the observers may keep their eyes fixed 
on the revolution counter at this critical instant. At the ““mark’’ both observers read 
the revolution counter and agree on the reading before it is recorded by one of them in 
a taut-wire*book— any type of small blank book will serve—the other observer verify- 

ing the recorded reading. After a distance has been measured, one of the observers 
takes the difference between the two revolution-counter readings and reduces it to 

meters by multiplying it by the factor (see 4467), the other observer checking the re- 

sult; after which the taut-wire readings, difference, and distance are entered and 
checked in the appropriate spaces on Form 777, Taut-Wire Traverse Observations, 
which is kept on the bridge. 

The officer-in-charge, who is on the bridge conning the ship and maintaining it on 
range, is assisted by another officer who observes certain data and records all data on 

Form 777. In addition to the taut-wire measurement, Form 777 contains columns for 
the following information: The name of the buoy station, the time it was passed abeam, 
the log reading when abeam, the difference in log readings between two consecutive 
buoy stations, the depression angle to the station if one was measured, the distance 
passed abeam, the side of the vessel on which the station was passed, the direction of 

the current, and three columns in which the azimuth between stations is to be recorded. 

In the column headed ‘Current Direction” the estimated velocity of the current should 

also be entered. Some of the vertical columns are ruled with two horizontal spaces 

opposite each buoy station, one of which is marked with a buoy symbol, the other 
being marked with an anchor symbol. H the data have been observed to the buoy 

structure, as they usually are, they should be entered in the horizontal space opposite 
the buoy symbol, the space opposite the anchor symbol being reserved for the compar- 
atively rare cases where special arrangements are made for observing the data directly ° 
to a small buoy marking the anchor position (see.943). 

The officer assisting on the bridge enters all the observed data except the taut-wire 

data, the latter being entered and checked by the observers at the taut-wire apparatus. 
He is assisted in the observations by the officer-in-charge and the quartermaster on 

watch, for all of the required observations at each buoy must be made almost simul- 

taneously. The direction and velocity of the current can usually be observed shortly 
before or after the station is abeam, but the time, log reading, and distance abeam must 

be obtained simultaneously at the instant the observation station on the bridge is 
abeam of the station. The direction of the current must be recorded as the direction 
toward which the current is flowing. This is usually the reverse of the observed bearing 
since the ship usually passes on the down-current side of the station (see 2512). The 
azimuth between stations is generally observed some time before the first station is 
abeam, although occasionally it has to be observed in the reverse direction after the 
second station has been passed. In the latter case it should be recorded as observed, 

with the station names recorded in the observed order from the near to the far buoy. 
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After the taut-wire apparatus has been prepared for use (see 4465), the ship is 

maneuvered to a position near the extension of the range between the two stations 
marking the distance to be measured. The ship’s heading should be approximately 
that of the azimuth of the range, the distance from the nearer station depending on the 

depth of water (see 4468). The ship is either slowed to mere steerageway or stopped 
completely while the taut-wire anchor is released. 

Two men are required when the anchor is lowered. One man lowers the anchor 

into the water ready to be dropped, while the other man attends the brake of the taut- 
wire apparatus by which the anchor is held suspended. The signal to drop the anchor 
is given by the bridge; it is usually one short blast of the whistle unless other ships are 
in the vicinity, when the loud-speaker system or a messenger should be used. At the 
signal, the taut-wire attendant releases the tension on the brake, allowing the anchor 
to descend slowly to the bottom, and notifies the bridge when the anchor strikes bottom. 

After the anchor is on the bottom the ship moves slowly ahead, gathering speed 
very gradually to avoid dragging the anchor. A ship equipped with pilothouse speed 
control is best adapted to measure distances with the taut-wire apparatus, for the rate 

of increase in speed can be controlled on the bridge. If the speed is controlled by tele- 
graph signals to the engine room, a routine must be established for increasing the speed 
gradually and steadily at such times. The engineer on watch should be notified when- 
ever a taut-wire measurement is to begin and how many minutes he should use in work- 
ing up to standard speed. The engines should be started very slowly and thereafter 
the officer-in-charge need only notify the engine room when he judges the speed is being 
increased too fast or too slowly. The maximum speed on a taut-wire measurement 
should not exceed 9 knots, for the revolution counter of the instrument is difficult to 

read accurately at greater speed. As the speed is increased the taut-wire attendant 
must increase the brake tension gradually until at standard speed a tension of 36 to 40 
pounds is indicated on the dynamometer scale. If the sea is rough and the ship rolls 
considerably, the tension should be adjusted near the lower limit in order to avoid ex- 
cessive strain on the wire and the risk of dragging the anchor. 

The ship is steered on the range toward the first buoy station, but when it is near, 

the course is altered slightly so as to pass it on the down-current side at a distance of 
15 or 20 meters. When the ship is within approximately 400 meters of the buoy, 
the officer-in-charge on the bridgé must notify the personnel at the taut-wire apparatus 
to stand by on the alert to read the revolution counter. They may be notified through 

the loud-speaker system or, if no other ships are in the vicinity, by very short blasts 
of the whistle in conformity with the passing signals of the Rules of the Road;one short 
blast if the station is to be passed to port and two short blasts if it is to be passed to 
starboard. 

The two observers, assigned to read the revolution counter, stand by while the 
approach to the station is watched by the taut-wire attendant, who should station 
himself where he can give the ‘mark’ to read the revolution counter when the station is 
abeam. A deckhouse or any thwartship structure conveniently located may be used 
for alinement to mark the station when it is abeam. All the stations in a consecutive 
measurement should be marked from the same position. 

The accuracy of a taut-wire measurement depends on the maintenance of a straight 
course throughout the distance to be measured. A taut-wire measurement is always 
simplified if the traverse stations have been anchored approximately in a straight line, 
for the ship may then be kept on course by the use of the forward range. Where a 
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measurement is made between only two stations or between the last two stations of a 
traverse, the azimuth of the far station should be measured when the ship is abeam the 
first station and the far station kept on this azimuth until it is approached. This will 

ensure the maintenance of a straight course between the two stations. 

Where long distances are measured between two stations which are not intervisible, 
the course between them must be carefully computed and allowance made for the current 
indicated at the first station by the lead of the anchor cable. In R.A.R. surveys, posi- 
tions may be obtained at regular intervals along the line so that the course may be 
altered slightly to maintain the ship on line. If a long distance between two sono- 
radio buoys is being measured, bombs fired at intermediate positions, to measure the 

travel time of sound, give valuable data for the study of the velocity of sound (see 
6351). When the far station is finally sighted the course should be altered immediately 
to pass the station at the desired distance. If the course has been carefully deter- 
mined, or if the ship has been maintained on line by fixes, a change in course of no more 

than 2° or 3° should be necessary to head toward the station. The direction of the 
current at this station may be assumed to be the same as at the first station, until the 
ship is close enough for the direction to be observed, when a further change in course 
must be made, if necessary, to pass the station on the down-current side. 

The wire should be cut immediately after passing the last station in a taut-wire 
measurement. <A straight section should be selected, preferably aft of the measuring 
apparatus. It may be cut by holding a piece of metal under the wire, while it is tapped 
with the sharp edge of a chipping hammer or other sharp tocol. The cyclometer wheel 
revolves rapidly after the wire has been cut, and in order to keep a record on the revolu- 
tion counter of the total amount of wire used, so as to estimate the amount remaining 
on the reel, the wheel should be stopped immediately by a shght pressure against its side. 

A taut-wire measurement should never be started so late in the afternoon that there 

is a chance of not completing it before dark. Neither should a measurement be started 
when there are indications of fog, which may close in to obscure the far station from 

view. Taut-wire measurements may be made during comparatively rough weather, 

but it should not be so rough as to prevent an even tension being maintained on the 
wire. 

4467. Calibration of the Taut-Wire Apparatus 

The cyclometer wheel of the taut-wire apparatus is made with a circumference 

approximately equal to 1.853 meters, so that 1,000 revolutions are equal to 1 nautical 
mile. This circumferential length cannot be accepted as exact, since it varies slightly 

with each taut-wire apparatus and changes with use as the wheel wears slightly. It 

must be accurately calibrated to determine the correct factor to reduce the distance, 
measured in revolutions, to meters. The apparatus should be calibrated at least once 

annually and at any other time when there is reason to believe that the factor being 
used is incorrect. The factor may be determined either by direct measurement of 
the circumference of the wheel or by the indirect method of determining the number of 
revolutions of the wheel required to measure with the wire a sufficiently long distance, 
the length of which is accurately known or may be determined from simultaneous 
observations. 

The circumference of the cyclometer wheel may be measured directly by stretch- 
ing a piece of the wire around the wheel. About 18 inches of each end of the wire should 
be annealed and a sufficient length should be used so that one end may be made fast 
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while a spring balance is attached to the other end. The wire is led one turn around 
the wheel, lapped 3 or 4 inches and stretched with a tension of 36 pounds indicated on 
the spring balance. A scratch, parallel to the axis of the wheel, is then marked across 

the two lapped parts with a sharp tool. To measure the circumference, the wire is 
stretched on a flat surface with the same tension and the distance between marks 
measured with a beam compass and meter bar. Since the distance is more than a meter, 

an additional scratch must be made near the middle of the length and each part 
accurately measured. The complete procedure should be repeated several times, using 

a different piece of wire for each measurement, and the mean of the results is used as 
the calibration factor. A factor so determined is sufficiently accurate if only short 
distances are to be measured with the apparatus, but where long distances are to be 

measured a calibration by indirect measurement should be made. 
The indirect method is the reverse of measuring a distance with the taut-wire 

apparatus. Wire is laid by the apparatus along a distance of accurately known length, 

and the known distance divided by the number of revolutions of the cyclometer wheel 
gives the desired calibration factor. The measurement for calibration is made in ex- 
actly the same manner a distance is measured (see 4466) but at a slightly slower 

speed in order that the revolution counter may be read very accurately. If the dis- 
tance is of sufficient length it need be measured in only one direction. No change in 

course should be made during the calibration run. 
Any taut-wire measurement may be in error by one revolution of the cyclometer 

wheel, because only whole revolutions are recorded on the counter; since the circum- 

ference of the wheel is approximately 0.001 nautical mile, there may be an error of 1 

part in 1,000 in a measurement of 1 mile. To reduce this error, the calibration factor 

should be determined from a distance of at least 5 miles, if the apparatus is to be used 
to measure long distances, such as those required in R.A.R. surveys and distances to 
locate a station beyond the visibility of shore signals (see 2532). A measured mile 
speed course should not be used because of its shortness; neither should the distance 

between two buoys be used because of the error in distance which may be introduced 
by the scopes of the anchor cables. The following methods of calibration have been 

found satisfactory and one of them will generally be found practicable in most localities: 

(a) The wire may be laid along the straight course between beacons erected in the water, which 

have been located by triangulation. Either an accurate distance between them is available or may 

be derived from an inverse position computation. 

(b) The ends of a calibration run along a selected course may be determined by three-point 

‘sextant fixes observed to shore triangulation stations. The fixes must be strong and the sextant 

angles must be accurately measured; each fix should be checked by a third angle. Three successive 

fixes with simultaneous readings of the taut-wire revolution counter should be obtained at each end 

of the line. The accuracy of the calibration may be increased if the run can be made where a range 

may be steered. The positions fixed by sextant and the distances between them should be computed. 

The accuracy of the position determinations may be gaged by studying the residual distances between 

the three positions at each end of the line. 

(c) On a thickly settled coast it is occasionally possible to find four objects, located by triangula- 
tion, which may be used as two ranges, normal to which a calibration run of sufficient length may be 

made. The four objects should be selected so that the azimuths of the two ranges are approximately 

the same. A buoy should be anchored with a short scope at a sensitive position on each range and 

the position of each buoy determined by a three-point sextant fix, from which its distance from the 

respective front range may be determined. The buoys are used as leading marks and from their 

positions the azimuth of the course to be steered is computed. On the calibration run the revolution 
counter is read as the range is crossed and a depression angle is measured to the buoy as it is passed, 

The depression angle distance is applied to the distance of the buoy from the front range to obtain 
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the distance of the ship from the front range when the range was crossed. From these data the 

distance run by the ship between the two range crossings may be computed for the true azimuth of 

the course traversed. 

(d) The wire may be laid along a range, where there are two lighthouses or landmarks within a 

half-mile of the range and at a suitable distance apart. The positions of the two range marks and 

the other two objects must have been determined by triangulation. The distance along the range 

between the two objects, when each is normal to the azimuth of the range, may be computed. On the 

calibration run the revolution counter is read when each object bears 90° from the range, this being 

determined by an observer with a sextant set at 90°, who marks the instant when each object is 

exactly abeam. 

For best results the taut-wire apparatus should be calibrated in a locality with a 
type of bottom similar to that over which it is to be used to measure distances, but 
this is seldom possible. A truly horizontal distance should be used for calibration, 
so an area should be selected where the bottom is comparatively level and free from 

shoals and depressions, and preferably the depth should not exceed 20 fathoms. 

4468. Accuracy of Taut-Wire Measurements 

The closure errors of loop traverses in the past indicate that an accuracy of about 

1 meter per statute mile or, roughly, 1 part in 1,600 may be expected from careful 
taut-wire measurements. To obtain this accuracy the apparatus must be operated 

and the data observed and recorded with extreme care. There are sources of errors 
not in control of the ship personnel, however, which may cause inaccuracies. 

The angle with which the wire leads over the stern can, of course, be observed, but 
nothing is known of the trend that the wire takes below the surface of the water nor at 
what distances astern of the ship the wire will rest on the bottom in various depths 

of water and under different tensions. It is apparent that a true horizontal distance 
will not be measured if the angle of the wire leading over the stern is appreciably differ- 
ent at the two ends of a taut-wire measurement, but if this angle is the same at both 

ends it is probable that, within measurable limits, a true horizontal distance will be 
measured. In depths to 20 or 30 fathoms a preliminary run of % mile, or even less, 

with the recommended tension applied and stabilized before the first mark is reached 
should ensure the same lead angle throughout the measurement, provided a uniform 
tension is maintained and provided the depths are fairly uniform. In depths greater 
than 100 fathoms a preliminary run of from 1 to 1% miles is generally required. 

If the fixed end of the wire is secured by some means on the surface of the water 
but the wire is not buoyed at intervals as it is payed out, a true horizontal measure- | 
ment will be obtained for only a very short distance; as the wire is payed out its weight 
will cause it to hang in a catenary curve until the center of the curve touches the bottom. 
The measured distance will not be a true horizontal one, as an error will be introduced 

which will vary with the depth of water. A taut-wire measurement started with 
the wire anchored on the bottom, where the depth of the water differs considerably 
at the two ends of the course, will likewise be in error; but a more accurate result 
will be obtained if the measurement is started in the deeper water. 

Irregularities in the depth of water between the two ends of a distance measured 
by taut wire prevent the measurement of an accurate horizontal distance. If the 

distance is sufficiently long, the wire will lie on the bottom for most of the length, and 
the distance measured, instead of being horizontal, will be along the bottom profile. 
Prominent shoals and deep submarine valleys will introduce appreciable errors in the 
measurement. 
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The amount of resistance offered by the water to a side pull on the taut wire when 
a change in course is made is not definitely known. Observation indicates a great 
resistance and probably changes in course as large as 10° or 12° can be made at buoys 
in a traverse line without introducing appreciable errors in the measurements. Some- 
times it is practicable to pass outside of a buoy on a sharp turn to ensure that if the 
wire is pulled sidewise it will be stopped by the buoy cable. This should not be done 
at a sono-radio buoy, for the wire may foul the hydrophone. When appreciable changes 

in course are made during a taut-wire measurement between two buoys, especially 
where long distances are involved, the measured distance must be reduced to the 
true distance between marks. 

The expansion, or contraction, of the wire after it passes into the water probably 

does not cause any appreciable error. The coefficient of expansion of the wire is such 
that a temperature difference of 1° C. between the temperature of the air and water 
will change the length only 0.024 meter in 1 nautical mile of wire. For the differences 
in temperature ordinarily encountered and for the usual distances measured this may 
be neglected. 

45. NAVIGATION AND POSITION-LOCATION INSTRUMENTS 

This section describes the most important navigation and position-location instru- 

ments used on survey ships, auxiliary vessels, and launches of the Coast and Geodetic 

Survey, and their care and use in navigation and hydrographic surveying. Included 
are such instruments as sextants, protractors, and chronometers. Theodolites, alidades, 
and similar instruments are not described in this Manual. 

451. SEXTANT 

The sextant is a portable instrument for measuring the angle between two objects. 
It is universally used on shipboard by the hydrographic surveyor and ‘is one of the 
most important instruments used in marine navigation. With it the hydrographer 
afloat makes most of the measurements for which a transit or theodolite is used ashore. 
In hydrographic surveying the sextant is used principally to measure the horizontal 
angle between two terrestrial objects or survey buoys. It is by this means that the 
three-point problem is used in hydrographic surveying for locating the position of the 
survey vessel at selected times during the sounding. The sextant is also used exten- 
sively to measure the altitude above the horizon of celestial bodies; to measure inclined 
angles to celestial bodies to obtain azimuths; and to measure small vertical angles 
from which distances are obtained. 

A sexant consists of a light rigid framework DAF (fig. 76), usually of brass or some similar alloy, 

which carries a limb or are DF in which is inlaid a strip of silver on which the are is graduated. On the 

underside of the sextant are usually three legs by which the sextant may be supported on a table, 

and a wooden handle by which it is held when measuring angles. An index arm AF carries the index 

mirror A which is perpendicular to the plane of the sextant. The index arm is pivoted at A so that 

it can be rotated in the plane of the instrument from D to F. The lower end of the arm is provided 

with a means for clamping it at any position on the limb, a tangent screw for slow motion, and a 

vernier EH for more accurate reading of the measured angles. A magnifying glass is attached to the 

index arm for use in making the readings. 

At B is another mirror, called the horizon mirror, which is also. perpendicular to the plane of 

the sextant. At Cis a small telescope with its axis fixed in the line CB. 
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FIGURE 76.—Optical principles of a sextant. 

4511. Principles of the Sextant 

The construction of the sextant is based on two simple principles: First, the optical principle that 

the angle of incidence equals the angle of reflection in a plane which contains the normal to the re- 

flecting surface at the point of reflection. In asextant (fig. 76) the image of an object at G is reflected 

by the index mirror A so that the angle GAH is equal to the angle HAB, the line HA being the normal 

to the surface of the mirror A. Likewise, the angle ABK is equal to the angle KBC. Second, the 

geometric principle that when a ray of light undergoes two successive reflections in the same plane, 

the angle between its first and last direction is equal to twice the angle between the reflecting surfaces. 

From this principle the angle JCG is equal to 2BKH. The angle ABC is a constant for any sextant. 

In the sextant the index mirror A is carried on the index arm AE. It follows, then, that if the 

mirrors are so arranged as to measure an angle of 0° when the index arm is at D, any angle such as 

BKH resulting from a movement of the index arm must equal the angle DAE. 

But according to the second principle the angle BK H, and consequently the angle DAE, is equal 

to one-half of the measured angle JCG. The limb or are of the sextant is therefore graduated so that 

any angle such as DAE may be read at double its value or the equivalent of the angle JCG. 

4512. Navigating Sextant 

As the name implies, a true sextant is limited to one-sixth of a circle, so that the 
maximum angle that can be measured with it is 120°. The instruments, almost uni- 
versally known as sextants, are actually quintants, constructed for the measurement of 
angles up to 144° or slightly larger. 

Two types of sextants are used by the Coast and Geodetic Survey. The larger 
and more precise is a navigating sextant, sometimes called an astronomic sextant. The 
are of this sextant has a radius of approximately 7' inches, or 19 centimeters. It is 

constructed so that angles up to approximately 144° can be measured with it. The 
arc 1s graduated by divisions 10 minutes apart, but by means of a vernier it can be 
read to the nearest 10 seconds. The average navigating sextant weighs approximately 
3% pounds. 
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All navigating sextants now acquired by the Bureau are equipped with binocular- 
type telescopes with a magnification of about 3} diameters. The telescope can be 
focused and is removable but is provided with no adjustment. 

Each navigating sextant is provided with two sets of colored shade glasses installed 
so that one or more of one set can be interposed in the direct line of sight and one or 
more of the other set in the reflected line of sight. Their purpose is to reduce the bright- 

ness of the rays of light from the sun and sometimes the horizon. The two mirrors used 
on the navigating sextant are slightly larger than those used on the hydrographic 

sextant. 

FIGURE 77.—Principal parts of a sextant. .A. Index |mirror. B. Horizon mirror. C. Telescope. DF. Graduated are. E 

Vernier. AH. Indexarm. JL. Index mirror adjusting screw. ©. Screw to adjust horizon mirror perpendicular to plane of sextant. 

NN. Screw to adjust horizon mirror parallel to index mirror when index arm is set at zero. P. Wooden handle. Q. Attached reading 

glass. R. Clamp screw. S. Tangent screw. 

4513. Hydrographic Sextant 

To provide steadiness during observations, a sextant should be as heavy as practi- 
cable without tirig the observer or causing him discomfort. Since a hydrographic 

sextant is used continually in hydrographic surveying, it should be lighter in weight 
than a navigating sextant. It may also be smaller since the accuracy of a navigating 
sextant is usually not required in hydrography. 

Hydrographic sextants (fig. 77) used by the Coast and Geodetic Survey are similar 

to the navigating sextant, except that they are smaller in size and weight, the arc 
usually having a radius of about 5%; inches and the sextant weighing about 2% pounds. 

The arc is graduated in half-degrees, but angles can be read to the nearest minute by 
means of a vernier. Like the navigating sextant, each is fitted with a binocular tele- 
scope of 3% diameters magnification. 
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The mirrors of the hydrographic sextant are slightly smaller in size than those of 
the navigating sextant. Hydrographic sextants are either not provided with shade 
glasses or they are removed before use. 

Hydrographic sextants are often constructed so that the maximum angle that 
may be read on them is slightly larger than on the navigating sextants; depending on 
the construction, angles between 144° and 151° can usually be read. 

4514. Sextant Mirrors 

There are two mirrors on each sextant. The index mirror A (fig. 76) is held in an 

adjustable frame on the arm AF and is so called because it is attached to the index 
arm and rotates with it. It is the larger of the two mirrors and its entire area is a 
reflecting surface. The other mirror B is called the horizon mirror because it is through, 
or above, it that the observer sights at the horizon when measuring the altitude of a 
celestial body. This mirror is considerably smaller than the index mirror. It is also 
held in a frame, which is provided with two adjustments. Formerly, this mirror was 
a glass of which only the lower half was a reflecting surface, the observer looking 
through the clear upper half directly at one of the objects. In the Coast and Geodetic 
Survey, only the reflecting portion of the glass is used, the observer sighting over it 
at the direct object. 

Formerly, all mirrors were of glass, the reflecting surface consisting of silver de- 
posited on the back of the mirror. 

A fresh chemically deposited silver surface has an exceptionally high reflectivity, 
approximately 90 percent, but it tarnishes readily and is easily scratched. When the 

reflecting surface is on the reverse side of the glass and the light rays must pass through 
the glass twice, the reflectivity is reduced in varying amounts, probably resulting in an 
average reflectivity of 80 percent. 

The reflectivity of highly polished stellite is 67 percent and that of highly polished 
stainless steel is approximately 61 percent. 

a. Glass mirrors.—Stellite mirrors are used almost exclusively in hydrographic surveying in the 

Coast and Geodetie Survey, but due to the higher reflectivity of the best glass mirrors their use may 

still be desirable for some purposes. 

Glass mirrors must be optically flat and their two surfaces must be within 2 seconds of parallelism. 

The glass reflects from its front surface as well as from the mirrored surface. If the two surfaces are 

parallel the reflected images from the two will coincide in the telescope to produce a single image, 

but if the two surfaces are not parallel there will be two images or a distorted image which may appear 

as though it were out of focus. If the reflected object is a star it will appear enlarged or elongated. 

Sextant mirrors with these characteristics should not be used for accurate observations but should 

be returned to the Washington Office with a report of the defect. 

The error due to a prismatic index mirror will vary with the size of the angle measured. The 

error due to a prismatic horizon mirror, however, is a constant and is included in the index correction. 

Consequently, if the effect of the latter is not otherwise disturbing it need not be replaced. 

When a glass mirror is inserted in its holding frame, the screw at the back of the frame must not 

be tightened so much as to introduce a torsion in the glass. 

The greatest disadvantage of glass mirrors is the rapid deterioration which takes place in the 

reflecting surface from exposure, dampness, and especially salt. Since hydrographic sextants must 

be used at sea in all conditioas of weather, they are constantly exposed to salt spray, particularly those 

used in launch and small-boat hydrography. After use the entire sextant and particularly the mirrors 

should be carefully dried and cleaned. But the spray that finds its way around the edges of the 

mirror cannot be easily removed and thus is in a position to attack the mirrored coating. 

A British manufacturer has recently devised round glass mirrors hermetically sealed in frames 

to prevent the possibility of spray reaching the mirrored surface. These mirrors are silvered, copper 

plated, and painted with special resistant paint and are then mounted in such a way that neither air 
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nor spray can possibly have access to the reflecting surface to cause deterioration. The mirrors are 

circular in shape to facilitate the use of the special frame required to obtain the hermetic seal. 

b. Stellite mirrors.—Stellite is a trade name for an alloy of chromium, cobalt, and tungsten. 

It takes a high polish, is very hard, and does not tarnish. Stellite mirrors, which have been used in 

hydrographic sextants under the worst possible conditions for 10 years or more, show little or no 

loss in reflectivity. 

Stellite mirrors have the advantage of a front reflecting surface, the error from nonparallelism 

of the two surfaces, of course, being eliminated. The reflecting surface must be polished optically 

flat throughout and be free from all scratches, cracks, blow holes, pin holes, or other defects. 

Stellite mirrors should be used in all hydrographic sextants used in launches and small boats 

and in sextants used on board ship for hydrography. Occasionally the higher reflectivity of the 

best glass mirrors may be advantageous for use in difficult observations. 

4515. Sextant Errors 

The principal errors which arise in angular measurements by sextant may be 

divided into two general classes: (1) those due to defects of construction or adjustment 

by the manufacturer, which cannot be remedied by the observer, and (2) those caused 

by temporary maladjustments which can and should be corrected by the user. 
Errors of the first class result from one or more of the following causes: 

(a) The graduated arc or limb is not a plane, or its graduations or those of the vernier are not 

accurately cut. 

(b) The pivot of rotation of the index arm is not coincident with the center of curvature of the 

graduated arc, or not perpendicular to the plane of the instrument. 

(c) The surfaces of the mirrors are not within 2 seconds of parallelism, or the surfaces of the enade 

glasses are not within 5 seconds of parallelism. 

(d) The line of sight, or the axis of the telescope, is not parallel to the plane of the graduated arc. 

Errors of the second class result from one or more of the following conditions: 
(e) The index mirror is not perpendicular to the plane of the instrument. 

(f) The horizon mirror is not perpendicular to the plane of the instrument. 

(g) The horizon mirror is not parallel to the index mirror when the index arm is set at the zero 

of the graduated arc. 

No correction can be made by the user to remedy the faults of inaccurate gradua- 
tion or eccentricity, (a) and (b) above, although their amounts may be determined by 
a careful calibration (see 4518), after which an allowance may be made for them. All 

navigating sextants now acquired by the Coast and Geodetic Survey are tested for 

these two errors at the United States Naval Observatory. Navigating sextants ac- 
quired in the past may or may not have been so tested. If they have been tested 
either by the manufacturer or at the Naval Observatory, a table of corrections will be 
found pasted on the inside of the top of the wooden carrying case. 

Hydrographic sextants are not tested for these errors at the Naval Observatory. 
The prismatic error (c) cannot occur in stellite mirrors. Glass mirrors in which 

this defect is found should be discarded from use and returned to the Washington 
Office. The shade glasses on a navigating sextant to be used for astronomic sights 

should be tested before use. Each shade glass should be tested separately by com- 
paring an observation made without the shade glass with one made through it. Ifa 
combination of shade glasses is likely to be used, each of these combinations should be 
tested separately. No means of adjustment is provided and, when measurable errors 
of this nature are discovered, the shade glass in error should be removed from the 
sextant and returned to the Washington Office with a report of its defect. 
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No adjustment is provided for the binocular telescope now attached to sextants 
used by the Coast and Geodetic Survey (see (d) above). The telescope is installed 

by the manufacturer or by the Instrument Division of the Bureau so that its line of 
sight is parallel to the arc. Older navigating sextants, to which binocular telescopes 
have not been affixed, may be provided with an adjustment by which the line of colli- 

mation can be corrected. The method to be used is described on page 123 of Bowditch 
or in any good treatise on the use of the sextant. 

Owing to the construction of the sextant there is a small error in small angles, due 
to the fact that the vertex of the measured angle is actually back of the eye. It is 
important only when distances are to be derived from small sextant angles, as in the sex- 
tometer method, or perhaps in small vertical or depression angles. The effect and 
amount of this error are considered in 2382. 

4516. Sextant Adjustments 

The horizon and index mirrors must be adjusted by the movements provided to 
the holding frames to eliminate errors (e), (f), and (g) in 4515. 

Referring to figure 76, the index mirror A must first be made perpendicular to the 
plane of the mstrument. To make this adjustment set the index arm near the middle 
of the graduated are and hold the sextant with the eye close to the index mirror and as 
nearly as practicable in the plane of the sextant, with the graduated are away from the 
eye. Observe the graduated are direct and its reflection in the index mirror, moving 
the are slowly back and forth, and see whether the are and its reflection appear to form 
an apparently continuous unbroken are. If so, the mirror is perpendicular to the plane 

of the arc; otherwise, correct its position by adjusting the screw at the back of the 
frame until it is perpendicular. 

The horizon mirror B should now be adjusted perpendicular to the plane of the 
sextant. With the index mirror in adjustment, set the index arm near zero and hold 
the sextant so its plane is vertical and sight at the sea horizon. Bring the horizon as 
seen direct and its image in the horizon mirror into coincidence by moving the tangent 

screw. Incline the sextant so that its plane makes a slight angle with the horizon and 

see if the horizon and its image are still in coincidence. If not, adjust the position of the 
horizon mirror by means of the screws attached at the back of the frame until coinci- 
dence is obtained. 

This adjustment of the horizon mirror may be made at night by pointing the sextant 

at a star and moving the index arm so that the reflected image of the star appears to 

pass the star as seen direct. If they are not in coincidence in passing, the horizon glass 
needs to be adjusted as described above until one image passes directly in front of the 
other when tested. 

The index error (g) in 4515 and its adjustment are considered in 4517. 

4517. Index Error 

The index error of a sextant is due to the fact that the reflecting surfaces of the 

two mirrors are not parallel with each other when the index arm is set at zero. The 
adjustments described in 4516 having been previously made, set the index arm exactly 

at zero and point the sextant at some distant object, usually the sea horizon, and 
rotate the horizon mirror by means of the adjusting screw (N in fig. 77) to one side of 

its frame until the direct and reflected images are in coincidence. This adjustment 
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may be made while viewing any distant object, terrestrial or celestial, through the 
sextant. 

After the index error has been corrected, the second adjustment—the perpendicu- 
larity of the horizon glass—should again be verified, since its adjustment is often dis- 
turbed during the last operation. . 

The adjustment for index error is not essential since its amount may be determined 
and applied as a correction to all angles observed. But in hydrographic surveying this 
would be a nuisance. For limited use, when very small angles are involved as in sex- 
tometer distances, readings may be taken both on and off the are and the two meaned. 
The result will be free of any index error. 

For astronomic observations and the measurement of other sextant angles where 

utmost precision is required, the same adjustments are necessary. In addition, the 

exact index error should be determined at each set of observations for application as a 
correction to the observed angles. 

The amount of the index error may be determined by one of the following three 
methods: 

(a) With the sextant held vertically and pointed at the sea horizon bring the direct and reflected 

images into coincidence and read the setting of the index arm. Repeat several times, bringing the 

reflected horizon down to coincidence and up to coincidence alternately, taking a mean of the results. 

If the zero of the vernier is to the right of the zero of the arc, or off the arc, the correction is positive 

and should be added to measured angles. If it is to the left, or on the arc, the correction is negative 

and should be subtracted from the measured angles. 

(6) Substitute a star at night for the sea horizon, point the sextant at the star and bring the direct 

and reflected images into coincidence and read the setting of the index arm. Repeat several times 

and use a mean of the results as above. 

(c) Measure the apparent diameter of the sun with the sextant held vertically, bringing the 

upper limb of the reflected image to touch the lower limb of the direct image. Read the angle. Then 

bring the lower limb of the reflected image to touch the upper limb of the direct image and read the 

setting off ithe arc. Half of the difference of the two readings is the index correction, positive or nega- 

tive as the larger of the two values is off or on the arc, respectively. For example, if the diameter 

measures 83’ 50’’ on the are and 32’ 40’’ off the arc, the index correction would be % (33/ 50/’— 

32’ 40’) =35’’(minus). Several such observations should be taken and the mean used. The 

accuracy of the result may be verified by comparing the sun’s semidiameter for the date of observation 

as taken from the Nautical Almanac with one-quarter of the sum of the two readings irrespective of 

sign. 

The adjustments of all sextants used in hydrographic surveying should be verified, 

and readjustments made if necessary, each morning before the start of the day’s work. 
They must be verified each night at the close of the day’s work. The fact that this has 

been done at both times and the amount of the index correction found at the end of the 
day, if any, must be entered in the Sounding Record. 

4518. Sextant Calibration 

The error due to eccentricity and inaccurate graduation is a constant for any one 
angle. These are the errors that are determined by test at the United States Naval 
Observatory. A sextant for which these values are not available can be tested in the 

field by comparing angular values determined by triangulation or measured with a 
theodolite, with sextant measurements. In an area where there are numerous triangu- 

lation stations the sextant to be calibrated may be placed on a leveled planetable at 
one of the triangulation stations and the angles between other surrounding triangulation 
stations carefully measured. 
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Angles may be measured with a theodolite for this purpose and subsequently 
measured by sextant from the same position. Angles of as many different sizes as 
practicable should be measured, preferably angles approximating 10°, 20°, 30°, 40°, 

etc. Assuming that the angles measured by theodolite are correct, the differences 
are the sextant errors due to eccentricity and graduation. From these errors a table 
or curve may be constructed from which the error for any angle may be found by 
interpolation. 

Errors of graduation may also be detected by placing the zero of the vernier in 
exact coincidence with selected graduations of the are and observing whether the last 
numbered division of the vernier also coincides with a division of the arc. This test 
should be made at numerous positions of the graduated arc, and the agreement should 

be perfect in every case. 
452. SEXTANT ANGLES 

4521. Horizontal Angles 

To measure the angle between two terrestrial objects in a horizontal plane the 

sextant is held horizontally, handle down, with the telescope pointed toward the left- 

hand object. This object is viewed directly over the top of the horizon mirror, while 
the index arm is moved until the image of the right-hand object is seen, by double 
reflection, in the horizon mirror directly below. With both objects in view, and in 
approximate coincidence, the index arm is clamped and the objects are brought into 
exact coincidence by means of the tangent screw. 

This measurement of horizontal angles is the basis of fixing the position of the 
survey vessel by the three-point problem in hydrographic surveying. 

Little experience is required to measure unchanging angles between prominent 
objects where the sextant is mounted on a steady base or even where held in the hand 
by an observer on land. In hydrographic surveying, however, the angles to be meas- 
ured are always changing more or less, the survey vessel is frequently far from steady, 

and the objects are often small or faint. Considerable practice is required to enable 
one to observe sextant angles quickly and accurately under these conditions. 

Where the objects are prominent and readily visible, and especially when the angle 
is changing rapidly or the survey vessel is unsteady, many observers prefer to use the 

sextant without its telescope because of the larger field of view. 
Where the objects are distant, indistinct, or indefinite, when the angles are changing 

slowly, and particularly where a small error in the angle will affect the position con- 

siderably, a telescope should always be used. 

When the angle to be observed is changing appreciably, the usual procedure is to 
bring the object seen direct and the reflected image into approximate coincidence and 

maintain them so by moving the free index arm until it is about time to mark the angle. 
Just before the mark the arm is clamped and the two objects are brought into and main- 
tained in exact coincidence by the use of the tangent screw until the word mark. When 
the angle is changing rapidly the tangent screw cannot be moved fast enough for this, 
but in this case so much accuracy is unnecessary. For such angles many observers 
set the clamping screw partly, so that there is a little friction when the index arm is 
moved, the angle being taken without using the tangent screw. The magnifying glass 
should be adjusted beforehand and no part of the arm should be touched after marking, 
neither should the sextant be set down, until after the value of the observed angle has 

been read. This requires care, but is generally preferable to clamping the arm after 
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marking the angle, because clamping the setscrew often causes the arm to jump a little, 
introducing an error in the reading. 

As a general rule, after taking an angle and reading it, an observer should not 
move the index arm until the position has been plotted, so that he can verify the reading 

if necessary. In any event it is good practice, after an angle has been observed and 
read, to verify the reading of the sextant before the arm is moved. If the sextant is 
required immediately to measure a cut or another angle, the reading should be verified 
at once. 

When the survey vessel is rolling and pitching considerably the greatest knack is 
required to measure sextant angles accurately and at the required instant. The sextant 
must be held in a horizontal plane for both the direct and reflected objects to be visible 
and for the resulting angle to be correct. Under these conditions the observer should 
station himself where the movement of the vessel is at a minimum and should learn to 

counteract this movement by an opposite movement of the sextant so that it will 

always remain as nearly in a horizontal plane as practicable. 

4522. Angles to Faint Objects 

Where the objects or signals are faint or where angles are being measured between 
survey buoys out of sight of land, the difficulties encountered may be extremely dis- 
couraging to a beginner. The greatest difficulty is usually in reflecting the right-hand 
object, which sometimes cannot be found in the sextant even though it can be seen 

fairly well when observed directly. In such cases it is of material assistance to set the 
sextant in advance close enough to the expected angle so that the reflected image of the 
right-hand object will be within the field of view of the telescope. 

There are several methods of finding approximate angles: 

(a) The angle may be scaled from the boat sheet with a protractor set at the approximate location 

of the next position to be fixed. i 

(b) If the angle is not changing too rapidly the rate of change between the two preceding angles 

may be applied to determine the approximate angle at the next position. 

(c) The relation between the faint signal and a conspicuous object or peculiar cloud formation 

on the skyline near the signal may be noted, and the conspicuous object or cloud formation reflected 

first, from which a slight movement of the sextant will bring the signal within the field of view. 

(d) With the sextant set approximately at zero the right-hand object may be observed direct 

and then found in the index mirror. By slowly moving the index arm and at the same time rotating 

the sextant to the left, the image of the right-hand object may be kept in view in the index mirror 

until the left-hand object is seen directly above it. 

(e) Every observer should determine the angle subtended between the ends of the thumb and 

little finger of one hand outstretched at arm’s length, so that by sighting over his hand and moving 

it along the horizon he can step off an approximate angle between any two objects. 

If the middle object of a three-point fix is difficult to reflect, the observers may 
measure the right angle and the sum angle between the right and left objects, subtracting 
the former from the latter to obtain the left angle. 

If the right-hand object is difficult to reflect but the left-hand one is very distinct, 

the sextant may be held upside down to look directly at the right-hand object and 
reflect the left-hand one. This is an unnatural and inconvenient procedure but may 

have to be resorted to occasionally. 
Inexperienced observers have great difficulty in measuring angles between survey 

buoys out of sight of land, particularly when the heading of the survey vessel is changed 
frequently or by a large amount. The buoys are frequently so distant that they can 

465382—44—_5 
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be seen only through the telescope and, because the horizon is devoid of reference 

points, there is great difficulty in finding even the direct object unless it is watched 
constantly. In survey operations of this nature, while the same or approximately 
the same course is followed, it is advantageous to note the bearing of the direct object 
with reference to some part of the ship’s bridge or by pelorus, if necessary. When 
frequent or large changes in course are made, the only recourse is to note the approxi- 

mate bearing of the direct object by compass. If the direct object can be maintained 
in view or found when desired, the reflected object may be found by noting the rate 
of change of the angle, or by bringing the two objects together in the sextant a sufficient 

number of times between positions to keep the angle always approximately on. 

In using any of the above methods for picking up faint objects, observers, and 
especially beginners, are warned against getting an approximate angle and letting their 

imaginations do the rest. Such methods can, of course, be used only to aid in getting 
the objects within the field of view. If one of the objects cannot actually be seen or if 
they are not in coincidence at the mark, the angle must be reported to the officer-in- 

charge as a miss. 

4523. The Measurement of Large Angles 

Angles greater than 145° or 150° cannot be measured with the ordinary sextant. 

Occasionally in hydrographic surveying such angles must be measured. This is some- 
times done by splitting the angle between two observers. To do this itis essential that 

there be a well-defined object somewhere near the horizon to serve as a middle object 
to which the two parts of the sum angle may be observed. In three-point fix hydrog- 

raphy where the control stations are buoys out of sight of land it is sometimes practi- 

cable, especially in the tropics, to use well-defined points of cloud formations near 

the horizon for this purpose. 

A sextant has been designed in Europe embodying a prism in such a way that 

angles up to 180° can be read on it. This sextant has not been used by the Coast 
and Geodetic survey. 

4524. Vertical Sextant Angles 

The sextant was designed primarily for use at sea by mariners in observing the 

altitudes of celestial bodies and it is also used for this purpose by hydrographic surveyors. 
To make such an observation the instrument is held so that its plane is vertical, with 

the telescope directed toward the horizon. Observing the horizon in direct view, the 

index arm is moved along the are until the image of the celestial object is seen reflected 

in the horizon mirror. When both the celestial object and the horizon are seen in the 
telescope, the arm is clamped and by means of the tangent screw an exact coincidence 
is obtained when the plane of the sextant is truly vertical. 

The principal difficulty in measuring such an angle is that it must be marked so 
as to measure the angle in a vertical plane. To ensure this, the observer must swing 
the instrument slightly to the right and left of the vertical. The reflected object will 
appear to describe the arc of a circle, the lowest point of which marks the true vertical, 

and when coincidence is obtained at this point the angle should be marked. Altitudes 
of celestial bodies should not be measured where the sextant is pointed through the 

rigging or where other nonvertical parts of the vessel are in view to distort the observer’s 

sense of perpendicularity. 



PaGE 371 EQUIPMENT AND INSTRUMENTS 4525 

When celestial bodies that have an appreciable diameter are observed, one of the 
limbs, usually the lower, is brought into coincidence with the horizon, the observed 
angle being corrected for the semidiameter of the body. 

For observations of the sun, shade glasses are nearly always required to reduce 

the intensity of the sun’s rays and under certain conditions may also be required to 

diminish the glare of the horizon. The errors which may be introduced through the 
use of imperfect shade glasses are described in 4515. 

There is no difficulty in finding the reflected image of the sun in a sextant. 

Because of its brightness, its reflected image is usually easily brought into view in the 
horizon mirror by pointing the sextant at the horizon in the general direction of the 
sun and moving the index arm until the reflected sky begins to appear brighter, after 

which the sun’s image may soon be found. When a star or planet is to be observed 
there is greater difficulty in bringing the reflected image into view. Sometimes this 
may be done by the same method used for the sun, but if this method is used, the pattern 
of stars in the vicinity of the one selected must be compared with those seen in the 
mirror in order to ensure that the observation is being made on the selected star. 

When the star cannot be found by the above method, there are several other 
methods of finding it and bringing it into approximate coincidence with the horizon: 

(a) With the index arm set approximately at zero the telescope may be pointed directly at the 

star, when both the direct and reflected images of the star should be visible. Holding the sextant 

steady and always keeping the reflected image of the star in the horizon mirror, the index arm is 

moved slowly along the are at the same time moving the sextant slowly in a vertical plane until the 

star is brought down to the horizon. 
(b) The horizon may be brought up to the star by holding the sextant, set approximately at 

zero, in an inverted position with the telescope pointed at the star. With the star maintained in 

direct view the index arm is moved until the reflected image of the horizon is in approximate coin- 

cidence. This is a somewhat awkward procedure since the sextant must be held in the left hand, 

for which it was not constructed, and care must be taken to avoid intercepting the line of sight 

with the right hand, which is moving the index arm. After approximate coincidence has been obtained, 

the position of the sextant is changed to normal for the actual observation. 

(c) The approximate altitude of a celestial body may be determined for any given instant and 

position on the earth by calculation, from tables, or graphically (see 3387B). Once this approxi- 

mate altitude is known, it may be set on the sextant and should be close enough to the actual altitude 

so that the selected body will appear in the reflected field of view when the telescope is pointed in 

the proper direction at the horizon below. A slight rotation of the sextant to the right or left of where 

it is first pointed is sometimes necessary to bring the star or planet into view. 

In all altitude measurements of celestial bodies the telescope must be accurately 
focused to the end that both the horizon and the celestial object or its limb appear 

as sharp and definite as possible. Only then will accurate observations result. 

4525. Sextant Angles at Night 

When altitudes of celestial bodies are measured at night, provision should be made 

to illuminate the are of the sextant while it is beg read. If ordinary illumination is 
used the sudden brightness of the light contracts the pupil of the observer’s eye to inter- 
fere with the observations. 

Some sextants are specially equipped for this purpose with a small electric bulb, 

carried on the index arm, located in a position to illuminate the arc. The bulb is lighted 
from a small battery concealed within the handle. A sextant not so equipped can be 
altered on shipboard for this purpose. The wooden handle should be removed and 
replaced by one of larger cross section within which one or two longitudinal holes are 
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bored to hold the battery or batteries. Small ‘pen’ batteries approximately 2 inches 

long by % inch in diameter should be used. 
On a vessel not provided with sextants equipped for night observations, or if the 

number of such observations to be made does not warrant alteration of the sextants, 

they should be read by illumination provided from a flashlight held by an assistant. 
The flashlight must be held against the graduated arc but to one side of the vernier 

to illuminate it diagonally, so as not to interfere with its being read. 

4526. Inclined Sextant Angles 

The sextant is used to determine the azimuth between two buoys or other objects 
by the measurement of an inclined angle between that line of sight and a celestial 
object, generally the sun. To measure such angles the sextant is held at an inclination 
to the horizon. This is the most difficult type of angle to measure with a sextant, 

because it has to be held at an unnatural angle with the horizon, this angle differing 
with almost every measurement. The principal difficulty is in bringing the sun into 

approximate coincidence with the objects on range. Frequently the method described 
in 4524(a) for bringing a star down to the horizon has to be used. After approximate 
coincidence has once been obtained the final observation is no more difficult than any 

other. 
A vertical angle must be observed simultaneously with the inclined angle by a 

second observer. The inclined angle may be reduced to a horizontal angle by one of the 
formulas given in 3338. 

In measuring inclined angles for sun azimuths, when the sun must be observed 
direct and the buoys on range reflected, the intense rays of the sun make the reflected 
buoy difficult or impossible to see. An improvised shade may be used to advantage 
to prevent the rays of the sun from passing around the shade glass and into the tele- 
scope. Any stiff piece of cardboard or other material may be used, in which a circular 
hole the size of the shade glass is cut, and through which the direct object may be 
observed. This is temporarily attached to the sextant. A size 6 inches square will 
suffice, with a horizontal piece cut out of its right edge, through which the ray from the 

reflected object passes, and with slots cut in its lower edge by which it may be tem- 
porarily fastened to the frame of the sextant. A simpler and smaller card containing 

the same circular and horizontal openings may be made to rest on top of the frame of the 

sextant and be temporarily attached with Scotch tape to the frame of the shade glass. 

453. PROTRACTORS 

The protractor in its simplest form is an arc or circle of flat material, graduated 
in degrees, with which angles may be plotted or scaled on a plane surface. In hydro- 
graphic surveying the type most widely used is the three-arm protractor of metal or 

transparent material. Horizontal angles, usually forming three-point fixes, are plotted 

graphically with the three-arm type. 

4531. Metal Three-Arm Protractor 

The metal three-arm protractor (fig. 78) consists essentially of a graduated circle 

with one fixed arm and two movable arms pivoted at its center so that the extension of 
each fiducial edge always passes through the precise center of the graduated circle. 
The arms are about 18 inches long. The circle is usually about 6 inches in diameter, 
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graduated to half-degrees, with a vernier on each movable arm which permits a setting 
to the nearest minute. The graduations of the circle should be accurate to within 
one-half minute, and the arms should be truly radial also within one-half minute. 

The center arm of the protractor is fixed at the zero of the scale. Each movable 
arm has a vernier, setscrew, and tangent screw. The graduations of the circle are 
marked with two sets of numbers so that angles may be read either clockwise or counter- 
clockwise from the zero of the scale. The construction of the protractor permits setting 

a small angle approaching 0° on one arm only, the minimum angle which can be set 
on the other arm being about 12°. In order to plot all three-point fixes two metal 
protractors are required, one constructed to accommodate a small right angle and the 
other to accommodate a small left angle. 

FIGURE 78.—Metal three-arm protractor with attachments, and celluloid protractor. 

At the center of the graduated circle is an open metal socket into which may be 
fitted any one of several interchangeable centerpieces. One of these centerpieces has a 
pricker which is held above the paper by a small spring until the plotter is ready to 
mark his position. When the pricker is depressed by hand, a small hole is made in the 

paper, a shoulder preventing the pricking point from being pushed into the paper more 
than just enough to mark the position. A second centerpiece is provided with a trans- 
parent bottom on which are etched two perpendicular crosslines which mark the center 
of the graduated circle. This centerpiece is used in setting the protractor on any pre- 
viously plotted position. A third centerpiece has a small round opening through which 

a plotted position may be marked by pencil. 
A magnifying glass of low power is attached to the instrument so that it can be 

rotated around the center, in order to facilitate reading the graduated circle. 
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Extension arms.—A removable extension, about 15 inches long, is provided for 

each of the three arms. These extensions are not interchangeable, each extension 
fitting only its corresponding arm. When in place they form true, straightedge exten- 
sions of the arms of the protractor. Setscrews are provided for fixing them in place. 

For plotting angles on stations at great distances, metal protractors have some- 
times been fitted with a second set of extension arms to be attached to the first set. 
It is difficult to provide sufficient rigidity for these extensions, and their use is not 
recommended, especially since extremely small angles, which usually occur in observa- 
tions on distant signals, require very accurate plotting. 

To overcome the lack of rigidity, braces in the form of metal arcs with central slots 
have been devised for attachment to the arms at the points where the extension arms 

are fastened. These braces can be used only for comparatively small angles. After 

the extension arms have been added, the brace is placed in position and the setscrews 
are screwed down through the slot in the brace and into both arms. When these are 
used at least one setscrew in each brace must be loosened each time a new angle is set 

on the protractor. After the brace has been locked, the setscrew on the vernier should 
be released and the angle verified before the position is plotted. 

4532. Adaptation for Wire-Drag Plotting 

Wire-drag plotting is facilitated by a simple adaptation of the metal three-arm 
protractor. In the base of the transparent centerpiece which contains crosslines and 
a center hole, a small eccentric hole is drilled at a distance from the center corresponding 
to the length of the towline at the plotting scale. A special pointer is mounted on top 
of the centerpiece in such a way that the pointer is in line with the two holes, the end 
of the pointer reaching to the graduated are of the protractor. 

In a wire-drag survey the three-point fix is plotted in the usual manner, the center 

of the protractor indicating the position of the guide launch. The buoy angles are 
then set with the new device; the position of the near buoy is plotted through the 
eccentric hole, and a short direction is indicated to the distant buoy. Different tow- 

line lengths or smooth sheets of different scale will require different centerpieces. 

4533. Test and Adjustment of Three-Arm Protractor 

Protractors, when first purchased or when repaired at the Washington Office, are 
verified for accuracy before being issued for use. But since both metal and trans- 
parent protractors are subjected to exposure and hard use in the field, they must be 
frequently verified during use. An endless amount of trouble will result from the use 
of inaccurate protractors. 

An aluminum plate with accurate angles of 90° on each side of the center may be 
requisitioned from the Washington Office for use in testing protractors. If the con- 
struction of such a plate is undertaken in the field, it should be made with extreme 
accuracy on metal or on metal-mounted paper. 

In testing a protractor the centerpiece with the transparent bottom and crosslines 
should be used. The bottom of the centerpiece should be flush or nearly flush with 
the hub of the protractor to avoid parallax. The centerpiece should be tested for 
concentricity by placing the intersection of the crosslines above a marked point on a 
sheet of paper and rotating the centerpiece in the socket. If the intersection of the 

crosslines coincides throughout the rotation with the marked point, the centerpiece 

may be assumed to be correct. The other centerpieces should also be checked. The 
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pricker centerpiece may be tested in a similar manner by pricking several points in the 
paper with it in various positions. The prick points should coincide in one hole. 

Each arm of a protractor should be tested for straightness against a straightedge. 

It may also be tested by drawing a fine line along the fiducial edge of the arm with a 

chisel-edged pencil, and then reversing the arm to the opposite side of the line; if the 

fiducial edge still coincides with the pencil line, the arm may be assumed to be straight. 
If the extensions to the arms are to be used, this test should be made for the entire 

leneth of the arm with the extension locked in place. 
After the arms and centerpieces have been tested, the protractor should be placed 

on the aluminum plate and centered precisely at the intersection of the two lines at 
right angles. The fixed arm should be moved to coincide with the central line, and the 
right and left arms moved to coincide with the lines at 90° to the central line. The 
two movable arms should be clamped in these positions with their arms coinciding 
precisely with the lines. If the angles read exactly 90°, the verniers are correctly set 
with reference to the graduations at these points. If they do not read exactly 90°, the 

verniers should be adjusted by loosening the screws which hold them and moving them 
so that they will read precisely 90°. The verniers are then locked firmly in position by 
tightening the screws. The adjustment should be checked. 

When the two movable arms are set 90° to the right and left respectively of the 

fixed arm, a line drawn along the fiducial edge of one of these arms should be a straight- 
line extension of a line drawn along the fiducial edge of the other. Likewise, each arm 

when set at 180° should form a straight-line extension of the fixed arm. 
Metal protractors should be tested at the beginning of a field season, before plotting 

a smooth sheet, and at least once a month during their use. 

4534, Use of Three-Arm Protractor 

The three-arm protractor is used almost constantly in hydrographic surveying. 

With it three-point fixes may be readily plotted, as well as angles from a known position. 
To plot a three-point fix (see 333), the left movable arm is turned away from the 

fixed arm by the amount of the left angle, the arm is clamped in place and the final 
setting made with the tangent screw and vernier. The procedure is repeated for the 

right angle. After the angles have been set the instrument should be grasped by the 
metal circle and the fixed arm, and centered at the estimated position of the fix. With 

the fingers of one hand used as a guide to keep the fixed arm bisecting the center station, 

the protractor is moved toward or away from the stations until each arm bisects its 
respective station. During this operation speed may be gained by keeping the side 

arms at approximately equal distances from the respective stations. A prick mark or 

pencil mark is then made at the center of the protractor, the position thus marked 

representing the location of the observers at the time the angles were taken. 
In using a metal protractor it will occasionally be found that one or more of the 

plotted control stations are obscured by the metal cirele. To overcome this difficulty 
a protractor of transparent material may be used. 

To plot an angle from a known position, the instrument is centered accurately over 

the position by means of a transparent centerpiece, the fixed arm is rotated until it 
passes through the plotted position of the initial object, and the right or left movable 

arm is set at the desired angle. The cuts may then be drawn along the fiducial edge 
of the arm with a chisel-edged pencil. Before each cut is drawn, the position of the pro- 
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tractor should be checked to see that it is properly centered over the known position 

and that the fixed arm passes through the initial point. 
In plotting hydrography accuracy should be the objective of the beginner. Speed 

will be gained with experience. 

4535. Care of Three-Arm Protractor 

The metal three-arm protractor is an accurate and expensive instrument and 
requires as much care to preserve its initial accuracy as does any delicate survey 
instrument. Each protractor should be stored in its own wooden box when the day’s 
work has been completed, and a visual check should be made to ensure that each acces- 

sory is in its proper compartment in the box. 
During use, especially during rough weather, provision must be made to eliminate 

any possibility of the protractor’s slipping off the plotting table. Ingenuity will suggest 

several methods of securing the instrument on the table when not in actual use. The 
arms and the extension arms of metal protractors are straightedges which may be 
easily bent if the protractor is dropped or carelessly handled. After any accident to 

the instrument the straightness of the arms should be carefully verified before subse- 

quent use. 

If a metal protractor is exposed to salt spray or happens to be immersed in salt 

water, it should be cleaned and oiled immediately in accordance with the instructions 

given in 4313. 
4536. Celluloid Protractors 

The transparent protractor (fig. 78) in most general use is constructed of celluloid, 
with a solid disk about 12 inches in diameter containing a circle graduated in degrees, 
and one fixed and two movable arms also of celluloid extending about 13% inches 

beyond the edge of the disk, each containing an etched line radial with the center of 
the protractor and which serves as the plotting edge. Each of the movable arms 

contains a vernier graduated in 2-minute intervals. Angles can be set or read to the 
nearest minute. A setscrew on each movable arm clamps the arm to the solid circle 
near its outer rim, and each arm may be set and clamped in place independently of 

the other. 
Although limited in accuracy the celluloid protractor has several advantages over 

the metal protractor. Its transparency makes it possible to see the plotting sheet and 

the stations thereon. Positions may be plotted quite close to the plotted positions of 

the control stations. The protractor is lighter in weight, more easiiy read, and con- 

sequently can be set more quickly than the metal protractor. It is easily cleaned and 
contains practically no metal to stain the sheet. The solid celluloid disk serves to 

protect the sheet from being soiled by the hands of the plotter. 

A celluloid protractor may be used whenever desired for boat-sheet plotting, but 

its use for smooth-sheet plotting is restricted by the limitations in 7622. 
The celluloid protractor is most useful in launch hydrography, where the positions 

are usually comparatively near the control stations and rapid plotting is necessary, 
especially where there are currents. Compared to the metal protractor, it can be more 

easily held in place when the launch is pitching and can be set more readily regardless 

of vibration from the launch motor. It is less likely to be damaged if thrown off the 

table by the violent motion of the launch in a rough sea. 
Test for accuracy.—Celluloid protractors cannot be adjusted. They should, how- 

ever, be tested on the aluminum plate in order to determine whether the scribed lines 
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on the arms are straight and whether there are any errors greater than 2 minutes in 
the graduations. 

Method of use.—The celluloid protractor is used in a manner similar to that de- 
scribed for the metal protractor, except that there are no vernier tangent screws. 

Where one or more stations on a boat sheet are just beyond reach of the arms of a 
celluloid protractor, a system of lines 3 or 4 inches long can be drawn radiating from each 
station. By the use of these, an arm can be pointed toward a station beyond its end. 

Care.—Celluloid protractors are constructed from a perishable material and reason- 

able care must be taken to prevent their deterioration. Continued exposure to the sun 
gradually renders them opaque and may distort the material so that the graduations 
are no longer accurate. 

The instrument is furnished in a leatherette-covered cardboard folder, and when 
not in use should be kept in this folder. Celluloid protractors should never be stored 
touching or in close proximity to steel or felt. A chemical reaction occurs between these 
two materials and the material of which the protractor is made. 

The celluloid protractor, being of light material, may be easily blown overboard if 
used in an exposed place. This possibility should be guarded against by securing the 

protractor to the edge of the plotting table with a twine or tape lanyard of sufficient 
length to permit use of the protractor on the sheet. 

4537. The Odessey R.A.R. Protractor 

Where distance circles at regular intervals are drawn on R.A.R. hydrographic 
sheets, a series of concentric circles drawn on celluloid can be used advantageously to 
plot the residual distances between the distance circles and, under certain conditions, 
to plot the positions themselves. 

The device must be constructed for the scale of the sheet and the interval between 

distance circles. It is simply a series of closely spaced concentric circles drawn to repre- 

sent distances from the center in terms of meters or time intervals, whichever are used. 

Circles should be drawn so that those of the same unit interval are readily distinguish- 
able. The following scheme has been found satisfactory for a 1: 80,000 scale using 
time intervals: A circle for each 0.05 second of time; those representing seconds—in 

heavy solid lines; those for half-seconds—in heavy pecked lines; those for tenth- 
seconds—in fine solid lines; and those for 0.05 seconds—in fine broken lines. 

A similar scheme can be adopted for other scales and for distances in meters. 

The diameter of the outer circle on the device must be at least equal to, and prefer- 
ably double, the interval between distance circles on the sheet. The system of concentric 

circles is either drawn or reproduced photographically on clear celluloid of low distor- 
tion. The lines must not be so heavy as to decrease appreciably the transparency of 
the celluloid. 

In plotting R.A.R. distances, the device is placed on the sheet so that its center 
marks the increment or decrement from the nearest distance circle on the sheet, the 

partial distance being measured by the closely spaced concentric circles. The interpolated 
concentric circle on the device will be tangent to the distance circle on the sheet. The 
center of the device then marks the correct distance, assuming there is no distortion 
in either sheet or device and that the circles on both are accurately constructed. If 

the diameter of the largest concentric circle on the device is double the interval between 
distance circles on the sheet, the device may be used to compensate for the distortion 
of a hydrographic sheet between distance circles. 

465382—44—26 
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Where a position is fixed by only two R.A.R. distances, the device may be used for 
plotting the position directly. After it has been placed, as described above, so that its 

center correctly marks one distance, it can be moved until its center correctly marks a 
second distance referred to another set of distance circles drawn about a second R.A.R. 
station, while keeping it in its correct relationship to the first distance circle. The 
center of the device will then mark the position fixed by the two R.A.R. distances. (See 
7631a.) 

4538. Metal R.A.R. Protractor 

A metal plotting device has been designed which can be used to advantage under 
certain conditions to plot R.A.R. positions. The device consists of three arms pivoted 

at a pricking device. With zero at the pivot, the arms are graduated to represent 
distances (in meters or seconds of travel time) at the scale of the hydrographic sheet. 

Three index heads, or disks, are provided. These are fastened over the sheet, one 
at each R.A.R. station, the index being vertically above the plotted position of the 
station. The arms slide in grooves in rotatable inner parts of these heads. The index 
is provided with a vernier and the head with a setscrew to clamp the arm at its correct 

setting. 
If distances are determined to two R.A.R. stations and the distances are set on the 

arms passing through the respective stations, the pricker at the pivot will move me- 
chanically to the position where the bomb was fired. Owing to inherent small errors 
and distortions of the plotting sheet, the three arms cannot be used simultaneously, 

but the two which give the strongest intersection or the most consistent results can 
be used, with a third distance used as a check. Or the position can be plotted with 
each pair of distances and the three resulting positions compared. 

The instrument must be graduated for a mean velocity of sound or for a selected 
plotting velocity, as 1,460 meters per second, the plotting velocity used on all R.A.R. 
smooth sheets (see 763). In the latter case each R.A.R. distance must be corrected 
arithmetically to the plotting velocity before being used, and in the former case similar 

corrections can be made when the actual velocity differs enough from the velocity of 
graduation to warrant it. Corrections for distortion of the plotting sheet can be made 
in the same manner. 

The instrument must be graduated for one scale of hydrographic sheet, although 

it can be used for other scales by applying a factor to the distances before plotting. 
Where the scales involved are double one another this is simple. 

4539. Special Types of Protractors 

Several forms of special transparent protractors, of advantage in particular circum- 

stances, have been prepared in the Washington Office. A protractor printed on 

tracing paper, merely a graduated circle 3% inches in diameter with a marked center, is 
available. This is particulary useful for plotting positions so close to the stations 
that one or more of them are obscured by either the metal or transparent three-arm 
protractors. For use in plotting, continuous lines are drawn from the center of the 
protractor to represent the angles measured, after which the protractor is used in 
the same manner as is the three-arm protractor. If other sizes are needed to meet 

special conditions they will be furnished on request. 

Another form of protractor available at the Washington Office consists of a circular 
piece of celluloid, similar in size and appearance to the solid part of the celluloid 
three-arm protractor, throughout which numerous parallel lines have been printed 
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paralleling the 0°-180° line of the protractor. This protractor is especially useful 

in plotting bearings or azimuths on a smooth sheet or boat sheet, since the protractor 
can becentered over the point from which the bearing was measured and oriented by 
means of the grid of parallel lines. 

Several refinements to the standard metal three-arm protractor have been devised 

in recent years. These, however, are not in use in the Coast and Geodetic Survey. 

The British have developed a metal protractor with micrometers substituted for the 
verniers, and release clamps substituted for the setscrews, on the movable arms. It is 

claimed for this instrument that the angles can be set more rapidly and with greater 
ease to single minutes with the unaided eye. No magnifying glass is provided. The 

micrometer is thrown in or out of gear by clamps which are released by the simple 
grasp of the thumb and finger. After an approximate setting of the angle, the act of 
releasing the grip clamps the arm, and the final setting is made by the micrometer 
tangent screw. 

Another European development of the metal protractor elevates the protractor 

about 2 inches above the plotting sheet. Accessories to this development are station 
holders or guides, one of which can be placed over each station to guide the arm auto- 
matically. These guides are of practical value only where a large number of positions 
are to be plotted from the same three stations. Each station holder is so constructed 

that when set in place over the plotted position of a station, rollers guide the fiducial 
edge of the arm through the plotted position of the station as the instrument is moved 

with the arms unclamped. When the center of the protractor is moved into approxi- 

_mate position, the roller guides force the movable arms to settings approximating the 

observed angles; then as the observed angles are accurately set by tangent screws, the 
center of the protractor automatically moves into the position to be plotted. After 

a position has been plotted, the movable arms are unclamped and the protractor is 

moved ahead to the vicinity of the next position. An advantage of the elevation of the 
protractor above the sheet is that it allows the draftsman to see almost all of the work 
on the sheet and permits a limited amount of writing on the smooth sheet without 

removal of the protractor. ° 

454. TIMEPIECES 

Accurate time is essential in: most survey operations and in navigation. Vessels 

and field parties of the Coast and Geodetic Survey are provided with the necessary 
chronometers, clocks, and stop watches for use in all operations. 

4541. Chronometer 

Chronometers and their use on shipboard are described on pages 128 to 135 of 
The American Practical Navigator (Bowditch). Methods of determining their rates 

and errors are also described. Every hydrographer should be familiar with their use 
and care. 

The break-circuit chronometer and the chronographs used in R.A.R. are described 
in 673. Descriptive details which can be readily found elsewhere have been omitted 
from this Manual. The information is limited to the most important precautions in 

handling and use. 
a. Care.—The case in which the chronometers are kept should be located as nearly 

as practicable on the centerline of the vessel and where it will be protected from shocks 
or jars. Chronometers should not be exposed to rapid changes of temperature and 
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should be removed as far as practicable from masses of vertical iron. The case should 
have a glass top through which to read the chronometers and should be subdivided into 
separate compartments, one for each chronometer. Hach compartment should be 
padded and lined with baize cloth, so that the chronometer fits in it snugly and to reduce 
any jar. A chronometer should never be removed from its individual box, except in an 
emergency, nor should the chronometers in their boxes be removed from their padded 
compartments except when urgently needed elsewhere. Chronometers must never be 
adjusted or reset on board ship. 

In transporting a chronometer by hand it should first be clamped in its gimbals and 
always placed in the carrying case provided for that purpose. It should be handled 
with the greatest care and only set down in transit on a cushion or some shock-absorbing 

support. 

b. Preparation for shipment.—Before a chronometer is prepared for shipment its 
balance wheel must be stopped. This is done by allowing the wheel to strike against a 
small piece of paper until motion ceases. A stiff object or the finger must never be 
used for this purpose. As the balance wheel is very heavy compared to its supporting 
pivots, itis imperative that it be locked motionless during transit to prevent damage to 
the delicate pivots. The wheel is locked by inserting soft cork wedges as nearly opposite 
the spokes of the wheel as possible. Wedges should be pressed in carefully and simultane- 
ously to avoid a sideways pressure on the pivots. They should never come in contact 
with any of the adjusting screws in the balance wheel. Wedges should be firmly in- 
serted to ensure their remaining in place but must never be forced. Cork wedges will 
be issued with most chronometers, but should none be available, a soft and resilient . 

material should be used. 
A chronometer should always be removed from its gimbal rings for shipment. It 

should then be packed in its box, surrounded on every side and top and bottom by 

crushed paper so that it cannot possibly move in the box during shipment. 
The chronometer box should finally be wrapped hermetically with paper to prevent 

infiltration of dust. In the outer shipping case it should rest on and be surrounded by 
crushed paper or other cushioning material. Excelsior must never be used as it is dusty 

and the fine powder will sift through exceedingly small openings. 
c. Winding.—Chronometers must be wound at the same time each day, despite 

the fact that they are ordinarily constructed to run for 56 hours without rewinding. 

This regular daily winding ensures a uniform rate. To wind a chronometer, turn it 

gently on its side and insert the key in its hole untilit seats. Steady the instrument with 
one hand and wind counterclockwise for 7% turns. The last half-turn must be made 

slowly and gently until the stop is reached. After winding, the key is removed and the 
chronometer gently returned to its normal position. Where there are several chro- 
nometers, they should be wound in thé same order daily, and after all have been wound 
the indicator of each should be inspected to ensure that each has been fully wound and 

that none was omitted. 
d. Comparison.—When a survey party is engaged in operations where accurate 

chronometer time is needed, daily comparisons of all chronometers should be made 
with radio time signals. The daily comparisons should be begun far enough in advance 
of their need to establish an accurate rate for each chronometer. 
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4542. Hydrographic Clocks 

In hydrographic surveying a sturdy, accurate clock by which*to record the times 
of positions and soundings is essential. Tide reducers, the spacing of soundings between 
positions, the interval between soundings, and other events are all controlled by recorded 
time. Accurate time is most important in areas having a large range of tide, such as 
Alaska and New England. 

To be adequate a clock must be sturdily constructed to withstand hard usage, and 
must be sprayproof. It should be of the 8-day type with an easily read 6-inch dial 
and should be enclosed in a transparent-faced, nickel-plated case, arranged for wall 
mounting by means of screws. 

For portable use, especially in launch hydrography, it is most convenient to mount 

the clock on the sloping front of a box about 12 inches high with a 10-inch square base. 
The box should be provided with a handle for carrying. The front of the box should 
slope about 30° from the vertical. Such a box provides a secure base for the clock and 
affords it some protection. For additional,security, screw eyes may be screwed into 
the sides of the box for use in lashing it to a bulkhead. Mounting a clock permanently 
on a canopy or bulkhead, or using it unmounted, is not as satisfactory as the box 
mounting. 

Hydrographic clocks must be compared and set to correct time before the start of 
the day’s hydrography and compared after its conclusion. When practicable, they 
should be checked several times a day. When coordinated survey operations take 
place in different parts of a ship the several clocks used for recording time must be kept 
within a few seconds of agreement and must be compared with one another as fre- 
quently as necessary to ensure this. (See also 6734.) 

Any hydrographic clock which cannot be adjusted to maintain correct time within 
3 minutes per 24 hours should be returned to the Washington Office for repairs. 

The recorded times of soundings should generally be within 1 minute of correct 
time, although this limitation may be exceeded for hydrographic parties based in camps 
in remote places without provision for accurate time comparisons. 

4543. Sounding Interval Clock 

A hydrographic clock that will ring a bell or buzzer at certain selected intervals of 
time has been designed by an officer of the Coast and Geodetic Survey. It is known 

as the “Green Hydrographic Clock.’’ The mechanism consists of contacts with which 
the second hand makes an electric contact at intervals of 15, 20, 30, or 60 seconds. The 

contacts are connected to a bell or buzzer, operated by electricity furnished by dry cell 

batteries or by ship’s current. The batteries, and also the bell and switch, if desired, 
can be placed inside the box described in 4542. The box affords protection from the 
weather and makes the whole a compact unit. Such a clock has the obvious advan- 

tages of ensuring that the time intervals will be equal, of giving the recorder more time 
for his other duties, and of lessening the possibility of a missed sounding or an erroneous 
interval owing to the recorder’s inattention to the clock. 

_ Besides its use as a hydrographic clock, it is of value when navigating in fog. The 

clock can be set at the 60-second interval and the whistle blown at every buzz when 
in Inland Waters and at every alternate buzz when International Rules apply. Other 
uses will be found, whenever definite intervals of time are needed. 
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4544. Stop Watch 

A stop watch has many uses, both m navigating and surveying, and its use is 
essential for measuring small intervals of time accurately. It is used in current obser- 
vations, in checking the speed of echo-sounding instruments, and in R.A.R. for timing 

the ship’s run between the instant a bomb strikes the water and its explosion. In 
navigating and piloting it is useful in measuring wind velocity with an anemometer, in 
counting the revolutions per minute of the ship’s propeller, in taking celestial sights, in 
measuring the distance from shore by an echo, and in measuring the distance from a 
synchronized radiobeacon and sound-signal station. And it can be used to advantage 

in many other operations. 

455. RANGEFINDER 

A rangefinder is an instrument with which the distance of an object may be 
measured with reference to a short base incorporated in it. In its simplest form it 

consists of a tube within which are two prisms at the ends of the base, arranged to bring 
reflected images to a central eyepiece into which the observer looks. The distance 

between the prisms is the base and the instruments are usually classified by the base 
length, e. g., a 1-meter rangefinder. The over-all length of the instrument is slightly 

greater than the distance between the prisms. 
A distance is measured by looking into the eyepiece and bringing the two reflected 

images of the object into coincidence by an adjustment provided to move one with 

reference to the other. The distance may then be read on a graduated scale which is 
operated by the mechanism for bringing the images together. The scale is graduated 
in either meters or yards; which should be ascertained before using a particular 

instrument. 
The rangefinders used in the Coast and Geodetic Survey generally have base 

lengths of either 30 centimeters or 1 meter, the smaller being used by launch and 

shore parties and the larger on board the survey ships. 
The range and accuracy of a rangefinder vary with the length of base and preci- 

sion of manufacture. The 1-meter rangefinder is graduated from 250 to 20,000 yards, 

and the 30-centimeter rangefinder from 20 to 1,000 meters. Table 10 indicates the 

accuracy to be expected with each instrument. 

TaBLE 10.—Probable error of rangefinder distances 

Probable error 

Distance 

: In mean of 6 
In 1 observation obcerniions 

By 30-centimeter rangefinder Percent Percent 
50=l004meterse es a ee eee Less than 1% 

100-250 meters______- eee Le! Less than 2 % to %4 
250-500 meterce. sa== Senge See ee : Less than 3 % to %4 

By 1-meter rangefinder 
Up towlO00by ard sae ars eee eee 1 Less than 1 
12000=2:000ivjards == a= eee 2 1 
2,000—4,400 yards_ - LB ldo on Sees se 3-4 2 
4,400-—5,400 yards - - shige sae te Sewage © 7-8 5 
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46. DEPTH FINDING EQUIPMENT AND INSTRUMENTS 

The instruments and accessories used by the Coast and Geodetic Survey for hand- 

lead and wire soundings are described in this section. Kcho-sounding instruments are 
described in chapter 5. The wire drag and sweep are described in Special Publication 
No. 118, Construction and Operation of the Wire Drag and Sweep. 

461. SouNDING POLE 

Shallow depths over an extensive tidal flat in protected waters can be measured 
more easily and accurately with a sounding pole than with a leadline. The soundings 

‘are read to the nearest half-foot, but are limited to depths not exceeding 12 feet. 
Between soundings the pole is not raised out of the water, but is turned end for end, 

alternately. This permits soundings to be taken faster, provides a close spacing of 
soundings, and is easy for the leadsman. 

The sounding pole is a 15-foot length of 14-inch round lumber, capped with a 
metal shoe at each end which may be weighted to hasten sinking. Any convenient 

system of marking which is symmetrical toward both ends and minimizes errors may 
be used. The following system has proved satisfactory: Mark each foot and half- 
foot permanently by a small notch cut in the pole. Paint the entire pole white, and 
the spaces between the 2- and 3-, the 7- and 8-, and the 12- and 13-foot marks black. 

Other foot marks are indicated by '-inch colored bands, red at the 5- and 10-foot 

marks, and black at the 1-, 4-, 6-, 9-, 11-, and 14-foot marks. Half-foot marks are 

¥-inch colored bands, white where the pole is black and vice versa. 

462. LEADLINE 

A leadline is a length of sash cord or tiller rope to which a sounding lead is attached, 

and is used for measuring depths of water. It is graduated by fathom or foot marks and 
seizings. The lead is lowered until it touches bottom and at the instant the line and 

lead are vertical and taut and the lead is on the bottom, the depth is read from the 

markings on the leadline. 
To avoid large corrections to the observed soundings, it is important to use a lead- 

line material that will not stretch nor shrink with prolonged use. The Coast and 

Geodetic Survey has adopted, as standard leadline material, mahogany-colored tiller 
rope with a phosphor-bronze wire center, of six strands of seven wires, each No. 33 B. 
and 8. gage. The wire core should not break with prolonged flexing. The rope is size 

No. 8, about one-quarter inch in diameter, made of solid-braided long staple cotton, and 
waterproofed. The braid should be tight so that wire strands that break are less 
likely to protrude through the rope covering to injure the leadsman’s hands. 

In 1941, Samson mahogany tiller rope, manufactured by Samson Cordage Works, 
Boston, Massachusetts, was found to be most suitable. The Washington Office will 

furnish this material upon requisition. . 
A lead weighing not less than 8 pounds should be used for handlead sounding in 

depths to 7-fathoms. For greater depths, a 12- to 14-pound lead should be used. (See 
4661.) For sounding where there are subsurface currents a still heavier lead may be re- 

quired to ensure vertical casts. A leadsman should not be required to sound with an 

excessively heavy lead for long periods of time without relief. To avoid subjecting a 
leadline to different tensions, which may introduce errors in the soundings, the same- 

sized lead should always be used on the same line. 
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4621. Marking Leadlines 

A leadline should be from 15 to 30 fathoms in length, depending on the depths in 
which it will likely be used and whether it is intended for use on a small boat or survey 
ship. 

Each leadline should be identified by a consecutive number stamped on a metal 
disk attached at the inboard end of the line at the time of graduation. This number 
should be retained throughout the life of the leadline or until it is necessary to re-mark it. 

The braided covering of a leadline tends to shrink with use when wet. When this 
occurs, the wire core eventually buckles, and strands break and are likely to protrude 
through the covering and injure the leadsman’s hands. This can be prevented by the 
following preseasoning before it is marked: 

A leadline is prepared for use by soaking it in salt water for 24 hours. Then while 
wet it should be laid out where the cotton covering can be worked along the wire by 
hand until about a foot or so of the wire for each 10 fathoms protrudes from the covering. 
This is a tedious proceeding, several men have to cooperate, the covering can be 
pushed back only a few inches at a time, and this length of slack has to be pushed nearly 
the full length of the line before another few inches can be started. The excess wire is 
cut off. Experience has proved that a leadline so prepared, if the covering is worked 
back the correct amount, will maintain an almost constant length in future use. The 
covering must not be worked back too far or it will form bulges along the wire. 

After the above preparation the line should be dried under considerable tension 
and then soaked again for another 24 hours. A leadline should never be boiled as this 
removes the waterproofing with which the covering is impregnated. 

After the lead has been attached, the line while still wet should be placed under a 
tension equal to the weight of the lead, while it is being graduated. If temporarily 
marked at this time the permanent marks can be seized on afterwards. 

The marks on a new leadline may be laid off with a tape, but the most convenient 
arrangement, and one which will be needed later for leadline verification, is to mark the 
correct distances permanently with copper tacks on the deck of the ship, or on a wharf 
if the survey party is based at a shore station. 

Two units of measure, the fathom and the foot, are used by the Coast and Geodetic 
Survey for the measurement of depths, but the two units are not commingled on the 
same leadline. One system of marking utilizes feet only and the other system fathoms 
and tenths of fathoms. Every survey party that has occasion to use both depth units in 
accordance with the instructions in this Manual shall be equipped with at least one 
leadline marked in each unit. 

Leadlines in fathoms shall be marked as follows: 

Fathoms Marks 

1 OT 6 RO Pe a One strip of leather. 

ss WV APP NRT ATA Two strips of leather. 

SLO LOe esa ane ene oes Blue bunting. 

AA 2Ass scien ah Seer Two strips of leather secured in the middle (so that two ends 

point upward and two downward). 

HAL D5 eae ee ee eae White bunting. 

GOL Getta ec ae sere eee White cord with one knot. 

RA (a sp a sea Red bunting. 

roi Meo os Ba fg lL Three strips of leather. 
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Fathoms Marks 

QUIQE SS ae Sy eee es 2 Yellow bunting. 

CR SER. VARS SS 2 ee eas Leather with one hole. 

2) Bate ee ape apy oe ee one Leather with two holes. 

Between the fathom marks intermediate marks shall be placed, by which fractions of a fathom can 

be read in tenths. Each half-fathom (0.5) shall be marked by a seizing of black thread and each even 
tenth-fathom (0.2, 0.4, 0.6, and 0.8) by a seizing of white thread, the odd tenths being estimated. 

All fathom marks extend 2 inches from the leadline. All the leather marks should be made in 

one piece, the strips, about 4 inch in width, being slit in the free end of the mark. The bunting marks 

are made by folding a piece of bunting to a size about %% inch wide by 5 inches long; the length of folded 

bunting is then folded once in the middle and secured to the leadline so the folded end is free. 

Waxed linen thread should be used to secure the marks to the leadline. The prepared twine with 
which golf club handles are wound has proved to be excellent. Marks should be secured to the line so 

that there is no possibility of their slipping, but the thread should never be inserted through the braided 

covering of the line. This is unnecessary if the marks are properly secured and it is almost impossible 

without mutilating either the covering or the stranded wire core. All marks should be secured so that 

their free ends are up when sounding. Marks so secured will tend to stand out more from the line 
when it is vertical. 

The toggle which the leadsman grasps when heaving the lead may be lashed on the leadline or 

secured in a clove hitch of the line. In the latter case the toggle must be secured before the leadline 
is graduated. 

The lead to be used with the line, likewise, must be attached while the line is being graduated 
(see 4661). 

Leadlines in feet shall be marked as follows: 

Feet Marks 

D2 CUCE some = sea Red bunting. 

AMAR 2A Het Cues nit hs & ed White bunting. 

(Oy UG PAR SOR ee ees Blue bunting. 

SriliS 928, Cte = 221k. Yellow bunting. 

NOWGOR ATOMS oo kkk = One strip of leather. 

PAD) iA OIA ee pe Two strips of leather. 

SOP SO SOs oa eae e Leather with two holes. 

40590; 140) oie ss Ss tt Leather with one hole. 

ep (Ra as es Che fd Star-shaped leather. 

MOQ Ep ee Ne k ap eS ee eyes Star-shaped leather with one hole. 

The intermediate odd feet (1, 3, 5, 7, 9, ete.) shall be marked by white seizings. The leathers 

marking the 10-foot multiples should be identical in size with the fathom marks used on a line marked 

in fathoms. The bunting marks identifying the intermediate even feet should be slightly smaller in 

size. 

4622. Verification of Leadlines 

Leadlines used for sounding shall be verified by the leadsman, supervised by the 

recorder, before and after each day’s work. The leadline should be compared with a 

standard while under a tension equal to the weight of the lead in water. The standard 
may be accurately spaced copper tacks in the deck, or in a wharf for a party based 
ashore, or a steel tape may be used temporarily. At least one extra leadline should be 

tested and ready for use in an emergency. A leadline should always be wet when tested. 
When in daily use leadlines should be stowed at night in a tub of water. 

Rubber Stamp No. 35, Leadline Comparison, (see fig. 178) must be used in record- 
ing the results of the comparison in the Sounding Record. This stamp must be im- 
pressed in the Record at the beginning and end of each day’s work, and elsewhere when- 
ever a comparison is made. Where the leadline is found to be correct, a simple state- 
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ment to that effect, such as, ‘‘Leadline tested correct to 15 fathoms,” is sufficient. Where 

it is found to be incorrect, the results of the comparison shall be entered under the appro- 
priate headings, for each fathom, or for each 5 feet for a leadline marked in feet. The 
true length by the standard is entered under the column headed “D” and the correspond- 
ing length by leadline under the column headed ‘‘/.”” The corrections to the recorded 
soundings are found by subtracting the leadline (12) values from the standard (2) values. 

Corrections must be entered in decimals of the same unit in which the leadline is 
marked—e. g., for a line marked in fathoms and tenths of fathoms, corrections should be 
in hundredths of fathoms; for a line marked in feet, corrections should be in tenths of feet. 

A leadline should be re-marked when it is consistently in error by an amount larger 
than that specified in 3111. 

4623. Errors in Leadline Soundings 

Errors in leadline soundings are of two general kinds; those resulting from an incor- 
rect depth being indicated by the leadline, and those resulting from an incorrect reading 
or recording of the depth. The hydrographer must be alert to keep both types of errors 
at a minimum. 

Most inaccuracies of the first type result from a failure to have the leadline vertical 

and taut at the time it is read. They can be largely eliminated by reducing the speed 
of the vessel or by heaving the lead farther ahead. Similar errors result from sounding 

with a leadline in strong currents (see 3464). An inaccuracy results from a failure 
of the leadsman to raise the lead off the bottom and lower it again just before the 
line is vertical. Errors sometimes result from the lead sinking into the ooze or soft 

mud on the bottom. Unfortunately, all of these errors make the depths seem greater 

than they actually are. (See also 3421.) 

Errors of the first type will also result from an incorrectly marked or graduated 

leadline, or from a leadline which varies in length while being used in sounding. 
Errors of the second type are entirely personal, and conscientiousness and attention 

on the part of the leadsman and recorder are the only remedies. 
The most common error is due to the recorder’s misunderstanding the depth called 

out by the leadsman. Some launch engines are noisy, and at times orders are being 

issued or other data called out at the same time the leadsman calls out the sounding. 
The leadsman should be instructed to call out all soundings loudly and distinctly, facing 

the recorder as he does so; and the recorder must repeat every sounding, for a check, as 

he enters it in the Sounding Record. Such errors are usually due to a confusion 
of similarly sounding numbers, such as 7 and 11, 5 and 9, 15 and 50, etc. Careful 

enunciation will eliminate such confusion. The -teen numbers should be equally 

accented on both syllables, as fif’-teen’, but the -ty numbers should be strongly accented 
on the first syllable only, as fif’-ty. The first syllable of eleven should be strongly 

stressed and prolonged, as ee’—leven, to distinguish it from seven in which the s should 

be overemphasized, as ss—even. The v in five and the second n in nine should be 

enunciated plainly. Where the leadsman and recorder, and at least one of the anglemen., 

are bilingual, as in the Philippine Islands, the best assurance against such errors is to 
have the depths called out in English and repeated by the recorder in Spanish, or 

vice versa. 

Leadsmen should be instructed in heaving the lead and in reading the leadline; the 

work of a new leadsman should be closely supervised until he is proficient. Close 

attention to his duties will eliminate inaccurate readings. When an unexpected depth 

is called out by the leadsman, the recorder should immediately ask that it be checked. 
Errors in soundings are also discussed in 774. 
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4624. Ship Sounding Chair 

A sounding chair (also sometimes called the chains) is an elevated platform on 
which the leadsman stands when taking a handlead sounding. A ship sounding chair 

should have the following characteristics: 

(a) It should be located well forward of amidships, preferably near the bridge. The leadline can 

be heaved better from this location, and it permits the leadsman, recorder, and observers to be 

stationed near one another. 

(b) It should extend over the water far enough to ensure that the lead, when swung in taking 

a sounding, will be well clear of the side of the ship. 

(c) It should be at least 18 or 20 feet above the water, if practicable, so that a leadline with a 

toggle attached at the 18-foot mark will not strike the water, when swung. 

(d) The platform of the chair should be sturdy and well braced. If formed of a grating, the 

openings must be small enough so that the leadsman’s shoe cannot possibly catch in them. The edge 

of the platform must be arranged so that the leadsman cannot accidently step off it. 

(e) The sides of the sounding chair should be about 3 feet high, padded around the top to provide 

the leadsman with something to brace himself against, and covered with canvas to protect the leadsman 

from the spray from the leadline. 

(f) The chair should be demountable so that it may be removed, or swung inboard, to be out of 

the way in docking the vessel. ° 

(g) Asurvey ship should have two sounding chairs, 

one on each side, for the use of right- and left-handed 

leadsmen, artd when soundings need to be taken so 

rapidly as to require two leadsmen simultaneously. 

4625. Launch Sounding Chair 

A sounding chair for use on a hydrographic 
launch should have the same general charac- 
teristics as a ship sounding chair, except that 

it should be proportionally smaller and lighter 

for a small launch. The principal difficulty 
on a launch is to obtain sufficient elevation 

for the swing of the lead. On a launch with 
a deckhouse this can be attained by extending 
the platform from the top of the deckhouse 
and bracing it against the side of the hull or 
the guardrail. Vertical soundings in depths 
of 15 to 20 fathoms can be obtained from an 

installation of this type at regular sounding 
speed. 

For temporary use on a small launch, a 
standard 55-gallon oil or gasoline drum, 
secured to the gunwale or bulwark, makes a 
satisfactory sounding chair, easily and quickly 
installed. It is especially satisfactory for 
sounding in depths of water less than 8 or 10 

fathoms. The top is cut away and the inboard 
side of the drum is cut down to afford easy 
entrance and exit. A length of ordinary ear- FIGURE 79.—Sounding chair extended from top of deckhouse. 

den hose, split open, should be secured over the upper edge to protect the leadsman. 

For a whaleboat a satisfactory sounding chair can be provided by a small platform 

built of 2- by 4-inch lumber, which is laid across the gunwales of the boat just aft of the 



463 HYDROGRAPHIC MANUAL PAGE 388 

forward hoisting bolt. The platform is fastened to both gunwales and extends out- 

board on one side just enough so that vertical leadline soundings can be taken from it. 

A framework of 2- by 4-inch lumber is usually built at the outer end of the platform and 
well braced inboard to the platform itself. Canvas can be placed around the framework 

to protect the leadsman from spray. 
Should it be inconvenient or impracticable to install a regular sounding chair on a 

launch or small boat, a canvas belt may serve temporarily to support the leadsman while 
sounding. A small hinged platform is built and secured to the deck of the launch. A 
6-inch belt made of canvas is passed around the waist of the leadsman and secured to 
the launch where convenient, as to pipe frames, stanchions, or handrails. This belt will 

not only support the leadsman but will also give him enough freedom of action to heave 
the lead without fear of falling overboard. It does not furnish protection against spray. 

463. SouNDING MACHINES 

A sounding machine is a mechanical device, operated either manually or by power, 
used to measure, with wire, depths of water too great for the handlead. The apparatus 

consists of a reel mounted on a stand, with a means for appbying power and a brake for 
stopping the reel. It is used for taking vertical wire soundings, for comparisons with 
echo soundings, and for obtaining oceanographic data such as bottom specimens, water 

samples, and temperatures. 

The sounding wire which is wound around the reel, the registering sheave to measure 
the amount of wire run out and over which the wire passes, and the weight attached 
to the end of the wire, constitute the depth-measuring equipment. The wire is led over 

the side or stern of the vessel through a system of sheaves or pulleys, one of which is the 

registering sheave. 
The operation of taking wire soundings and the speed of operation are described 

in 3422, and the operation of observing water temperatures is described in 6321. 

4631. Ship Sounding Machines 

The Coast and Geodetic Survey has developed and adopted as standard two types 

of sounding machines, although many different types, such as the Lucas, Sigsbee, Lietz, 

Tanner, and Kelvin have been used in the past. The two types are known as the deep- 
sea machine and the LL-type machine; they are basically the same in construction and 

operation, differing principally in size of reel. Their speed, smoothness, and ease of 
operation are believed to be superior to those of other types. Piano wire is usually used 
on the deep-sea machine and stranded wire on the LL-type machine, although either 
kind of wire can be used on either machine. Drawings and specifications of the 

machines can be obtained from the Washington Office when needed. 
The basic description of both types of machines is as follows: A reel is mounted so 

as to turn freely on a control shaft which has a collar by means of which the reel can be 

slid from one side to the other by a handle. On one side of the reel a brake disk is 
secured to the frame of the machine and on the other side of the reel a clutch disk is 

attached to a shaft to which is also attached the power pulley or gear. The brake and 

clutch disks are beveled and covered with a preformed Raybestos brake lining. The 
control shaft has a worm screw cut in one end which causes it to shift in and out longi- 

tudinally when the end of the operating handle is moved from side to side. 
When the machines are electric-driven a 3 horsepower, watertight Diehl electric 

motor is used; the motor is ball-bearing, compound-wound, interpole, variable speed 
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ranging from 500 to 1,500 r.p.m., operating on 110-volt direct current. Speed is 
controlled by a Cutler-Hammer field rheostat with 12 to 14 steps of field control and a 
no-voltage release which automatically turns the control arm to slow speed if, for any 
reason, the current is cut off. 

Power transmission has been by gears, a silent chain, or a V-shaped belt. The 
V-belt drive, on account of its silence, is preferable when it can be used. 

The operation of the machines is simple. When the control handle is vertical, the 

reel is in neutral and is free to turn, and the wire will run out. To stop the wire running 
out, the handle is moved to one side, shifting the reel to where it engages the brake. If 
the control handle is moved to the opposite side the reel will engage the clutch. The 
engagement with either brake or clutch may be abrupt or gradual according to the force 

FIGURE 80.—Deep-sea electric sounding machine. 

applied to the handle. The clutch should always be idling at slow speed—never 

stopped—at the time the reel engages it. 

Deep-sea sounding machine.—Each survey ship has at least one deep-sea sounding 
machine. The reel of this machine has a mean circumference of about 1 fathom and 
will hold about 6,000 fathoms of piano wire. The reel is usually made of duralumin 

because its lightness reduces the momentum of the revolving reel, but some reels have 
been made of cast steel. This machine is almost invariably electric-powered. The 
weight of this machine complete with duralumin reel, electric motor, frame, base, etc., 

is about 1,275 pounds. 

The machine is usually installed on the bridge, the wire being led outboard over the 
ship’s side by fair-leads on a boom (see 4633). There is usually a revolution counter, 
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but this is not used for depth measurements on account of the varying circumferences of 
different amounts of wire on the reel. The registering sheave is usually mounted above 
the machine. 

Such machines have been used only intermittently in recent years since the adop- 

tion of echo sounding, but their successful operation is evidenced by 6 weeks of con- 
tinuous deep-sea sounding by one ship in 1923, in depths to 4,600 fathoms, without 

loss of any wire or equipment. 
The LL-type of sounding machine is used on practically all survey ships and all 

auxiliary vessels where a power-driven machine is needed. The reel has a mean 

circumference of about % fathom and will hold about 900 fathoms of stranded wire or 

about 2,700 fathoms of piano wire. The reel is usually made of bronze. When used 

on survey ships it is almost invariably electric-powered, but it may be powered by a 
steam motor, like the Dake motor, or by a stationary gasoline engine, or driven from 

the gasoline engine of a launch (see 4633). The weight of this machine complete, with 
bronze reel, electric motor, frame, base, etc., is about 975 pounds; without motor and 

power transmission its weight is about 175 pounds. The L-type of sounding machine 

is an older model of the LL-type, differing from it only in minor details. 
This same machine is used on launches where a power-driven sounding machine is 

needed, although many other types have been used in the past. 
An automatic brake sounding machine has also been developed by the Coast and 

Geodetic Survey. Its principal characteristic is that the brake is automatically 

applied by means of a series of triggers and springs the instant the wire slacks when the 
lead strikes bottom, but it requires a fine adjustment to ensure against the brake being 

applied at other times. Its cost is much higher than that of the LL-type. 

4632. Hand Sounding Machine 

The hand sounding machine most extensively used by 
the Coast and Geodetic Survey is similar to those used on 
commercial vessels and is illustrated in figure 81. It has 
a bronze reel and brass standards. The brake is a wood- 

lined clamp, either forced against the reel, or released, by 
a small handle above the reel. The handles are so hinged 
that they can be disengaged from the shaft while the 
wire runs out and engaged for reeling in. The machine 
is mounted on a wooden base provided with clamps. 

Its box may be used as a cover for the machine, or as a 

support for it when in use. 

The machine is used for depths from 10 to 150 fathoms. 
It is usually mounted on the stern of a ship’s launch, with 

a sheave overhanging far enough to keep the wire well 
clear of the stern and the propeller. Where many wire 
soundings are to be taken a power machine should be 

FIGURE 81.—Hand sounding machine. | Yrequisitioned and installed. 

4633. Installation of Sounding Machines 

A ship sounding machine is usually installed on or near the bridge with the wire 
leading outboard over the side, where the officer-in-charge can supervise the operation 
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and watch the wire at all times. With it in this position the ship can be maneuvered 
at will to keep the wire vertical while sounding. A fair-lead should be carried on a 
davit or boom to lead the wire well clear of the side. The registering sheave, or counter, 

should be mounted near the machine where it can be conveniently read by the operator. 
A satisfactory installation is indicated in figure 82. The wire is led through a fair- 
lead on a boom of 2%-inch galvanized iron pipe. The fair-lead is attached to a pipe 
cross which turns freely on the boom, and is rigged so it can be slid along the boom 
ahd used in any position when sounding. The fair-lead is counterbalanced by an 

FIGURE 82.—Installation of ship sounding machine. 

adjustable weight at the top of the cross. The registering sheave may be seen in the 
figure on the boom above the sounding machine. A rocker arm (not shown in the 
figure) is usually hinged at one end to the machine or rail and has a small pulley at the 
other end which rides on the wire. The weight of this arm continuously takes up any 
slack and by a sudden drop indicates clearly when the lead strikes bottom. 

An accumulator spring, between the end of the boom and the stay supporting it, 

serves the double purpose of easing the strain of sudden surges due to rolling or pitch- 
ing of the vessel and indicating the tension when reeling in. The tie rods of this spring 

are marked to show each 25 pounds of tension up to 150 pounds. This spring should 

be used with piano wire for depths greater than 200 fathoms and the speed of reeling 
in should be regulated so that the tension does not exceed 100 pounds. 

On account of the wide variation in survey launches and their power plants, no 
one standard method of sounding-machine installation can be specified. The wire is 
usually led through a sheave mounted on a davit overhanging the stern, although there 

is an increasing tendency to lead the wire over the side amidships. Where the stern 
mounting is used the registering sheave is usually on a davit which overhangs just 
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enough to ensure that the wire will clear the stern and not likely be fouled by the 

propeller. Where the wire is led amidships, the arrangement is similar to that used on 

survey ships. A boom is rigged of different sizes of pipe, which will telescope into one 

another and be out of the way when not in use. The registering sheave is inboard with 

a fair-lead on the outer end of the boom. The advantages of the midship installation 

are that one of the anglemen can supervise operations more closely and can verify the 

sheave reading more conveniently, and it is more conveniently located for reading a 

thermometer for the temperatures required in a launch echo-sounding survey. 

A hand sounding machine may be located in any convenient space, usually on the 

stern, where there is room for the men needed to operate it. The location of a power- 

driven machine depends more on the type and location of the power plant of the launch. 

It is usually more satisfactory to derive the power from the forward end of a gasoline 

engine, as this interferes less with its operation. For this reason the sounding machine 

is usually installed inside the hull near the forward end of the engine, if there is avail- 

able space for it. It is then connected to the engine either by a belt or chain drive to 

the flywheel, or by a system of gears and shafting to the jackshaft. Where installed 

on the stern deck the connection is to the clutch shaft. A V-type of leather belt drive 

is preferred to any other type of drive because it is much more silent in operation. 

Any power machine should be bolted through the deck beams or secured to a base 

plate which itself is bolted through the deck beams. Where the sounding machine is 

installed forward of the engine and sounding from the stern is preferred, the wire 

may be led overhead through two fair-leads suspended from the canopy and through 

a window cut in the canopy to a registering sheave astern. 

464. REGISTERING SHEAVES 

A registering sheave is a device used to measure the amount of wire payed out 

when sounding. It consists of a grooved wheel (circumference 23.911 inches) mounted 

FIGURE 83.—Registering sheave. 

in a yoke so that it will revolve freely, and connected by gears to an indicator on which 

the number of fathoms of wire run over the wheel is indicated. The preferred type 

of indicator is a counter, the numerals of which indicate fathoms and tenths of fathoms, 
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and which can be reset as desired. Itis geared to the shaft of the sheave by bevel gears 
and is positive acting. The older type of indicator is merely a pointer moving around 
a dial and is connected to the shaft by a worm gear. Any side play of the wheel in the 
yoke decreases the accuracy of soundings measured with this type of indicator. 

Only one size of sheave is used and its circumference is such that when piano wire 
is used one revolution will measure exactly 2 feet, or 4% fathom. When stranded wire 

is used on this sheave each reading will be in error by about 0.5 percent because of 
the larger diameter of the stranded wire. The readings are too low by 0.48 percent, 
or about 34% inches in 100 fathoms. All soundings measured with stranded wire should 

be corrected by the sheave factor. For most other purposes an error of this magnitude 

will be negligible, but a correction can be made where necessary. 
In sounding, the wire must be in contact with the bottom of the groove in the 

sheave for at least one complete turn to prevent slipping. With the usual arrangement 
there is from 1% to 14 turns of wire on the sheave. 

A registering sheave in good condition should never be used solely as a fair-lead. 
Cheaper devices should be used for this purpose, but if not available, a registering sheave 

that has been discarded as a measuring device because of wear or inaccuracy may be 
employed. 

4641. Registering Sheave Calibration 

A registering sheave must be calibrated before it is used for deep soundings or any 
other purpose requiring much accuracy, and the calibration should be verified several 

times during the season, if it is used extensively. The sheave may be calibrated most 
accurately by running the wire over it for an accurately measured distance along a 
wharf or other level space. A spring balance should be used to apply a tension to the 
wire during the test equal to the tension on it while sounding. . 

Another, but less accurate, method is to measure the circumference directly by 

stretching several turns of wire around the sheave, marking it, and measuring the length 
of the wire when laid out straight. The marks on the turns of wire must be parallel to 
the axis of the sheave. This is similar to one of the methods described in 4467 for cali- 

brating the taut-wire apparatus, and the same precautions should be observed. When 
this method is used to calibrate a sheave with the pointer-and-dial type of revolution 
counter, a verification of the counter is also required. The sheave should be marked 
and turned a definite number of revolutions and the counter read for different numbers 
of revolutions. The measured circumference multiplied by the sheave revolutions will 
give the actual distances represented by the counter readings. 

Correction factors, known as sheave factors, should be computed for piano wire and 

stranded wire, if both are likely to be used. With the type of sheave now used, the 
correction for piano wire is usually negligible, and the correction for stranded wire will 
closely approximate plus 0.48 fathom per 100 fathoms (see 464). 

The sheave factors should be reported in the pertinent Descriptive Reports and 

special reports. 
4642. Sheave Wear 

The accuracy of a registering sheave is impaired when it becomes loose in its bear- 
ings, or is scored by the wire. After a sheave has been in use for some time it should be 
tested more frequently and be no longer used as a measuring device when proved un- 
reliable. Worn sheaves may be used as fair-leads or returned to the Washington Office. 
A sheave should be oiled frequently and properly, and should always be handled care- 
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fully. Every precaution should be taken to prevent the wheel from jamming in its 
yoke, as this will frequently result in the wheel being scored by the wire. 

Sheaves with worm gears develop side play in the yoke when worn. This may cause 
an error of as much as 1 fathom in the dialreading. Therefore, when special accuracy 

is required, as in comparative soundings, a fairly new and carefully calibrated sheave 
should be used. Should it be necessary to use a sheave with side play, the wheel should 

be held against one arm of the yoke when setting the pointer, and against the same 
arm when reading the depth. 

In the counter-type of sheave there is no worm gear, so there should be no error 
due to side play. 

465. SOUNDING WIRE 

Two types of sounding wire—stranded and piano—are ordinarily used for wire 

soundings. Stranded wire should be used in depths less than 300 fathoms; piano wire 

should be used in greater depths. For the use of wire with sounding machines, see 
3422 and 463. 

4651. Stranded Sounding Wire 

Stranded sounding wire is composed of seven tightly twisted strands of double- 
galvanized No. 24 B.W.G. gage wire, and has a breaking strength of not less than 500 
pounds. It is furnished in 300-fathom lengths, packed with powdered lime in sealed 
cans. The diameter of stranded sounding wire is 0.065 ineh. 

4652. Piano Wire 

Piano sounding wire is single No. 21 B. and S. gage steel wire. It is furnished in 
2,000-fathom lengths, packed with powdered lime in sealed cans. Its diameter is 
0.0285 inch. Although it has a breaking strength of approximately 190 pounds, it 
should not be subjected to a tension greater than 100 pounds when reeling in. 

The lead should not be attached at the end of piano wire for taking soundings, 
because the wire is apt to kink when the lead strikes the bottom and to part when reeled 
in. To avoid this a 25-fathom length of stranded wire or a few fathoms of small 
Manila line should be inserted between the end of the piano wire and the lead. If a 
sounding machine with piano wire is used for taking serial temperatures, a 150-fathom 
length of stranded wire should be inserted between the end of the piano wire and the 
lead, because most such observations are taken in depths less than 150 fathoms and 
there is less risk of the stranded wire parting. 

4653. Splicing Stranded Wire 

Stranded sounding wire is seldom used in depths exceeding 300 fathoms, and new 
wire is furnished in such lengths. Ordinarily it is not economic to splice it, except 
where it must be used for deeper soundings, or when there is a shortage of wire. 

Where it becomes necessary to splice stranded wire, a regular long wire splice 
should be made, with the wires ending at varying distances apart throughout the length 

of the splice. The ends should be tucked and the splice seized with fine copper wire at 
both ends and one or two places in the middle. The whole should be cleaned with 
muriatic (hydrochloric) acid and washed with solder. The solder coating must be 

quite thin to avoid making the splice too stiff. 
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4654. Splicing Piano Wire to Stranded Wire 

Piano wire may be spliced to stranded wire by unlaying one of the wires of the 
stranded wire for a distance of about 4 feet and laying the piano wire in its place. The 
splice should be seized with fine copper wire at each end and at intervals of about a foot, 

and the entire splice should be cleaned with acid and soldered. The piano wire has a 
tendency to spring out of the splice unless seized at short intervals. 

4655. Splicing Piano Wire to Manila Line 

Manila line is often used as a stray line on the end of piano wire. These can be 
joined as follows: Tie a single wall knot at the end of the Manila line, and run the piano 
wire through its center. Tighten the knot, wind the piano wire around the line against 

its lay for about 10 or 12 turns, and tuck it through the line. Reverse the direction and 
wind the wire around the line with the lay for 10 or 12 turns. Tuck the wire through the 
line once again and wind it against the lay of the line for an additional 10 or 12 turns. 

Tuck the end of the wire, and seize the end of the splice. 

4656. Splicing Piano Wire to Piano Wire 

Piano wire can be spliced in either of two ways. Although it requires more time 
the following method is far more satisfactory and durable and should always be used for 
making permanent splices: Overlap the two ends of wire for a distance of about 10 

feet, with both wires fairly taut. Seize the wires temporarily with sail twine at one end 
of the overlap and then wind the free wire end around the other wire in a long spiral with 
about one turn in 2 inches, keeping both wires taut during the procedure. Then seize 

the other end of the splice temporarily and examine to ensure that the two wires are 

contiguous throughout the entire length of the splice. Then with fine copper wire 
seize each end of the splice for a distance of 2 inches, continuing for a short distance along 
the single wire. Next place two 2-inch seizings so as to divide the splice into three 
equal parts. Clean all seizings with muriatic acid, wipe with soldering paste, and 

cover each with a thin coat of solder. 
For emergency repairs to piano wire while sounding, the following alternate method 

may be preferable, as it requires less time than the one described above: Anneal the 

end of each wire for a distance of about 2 inches. Then overlap the two wires and wind 

one around the other in long spiral turns for a distance of about 2 feet. At each end of 
the splice wind the annealed end of wire in close turns around the other wire. Clean the 

entire splice with muriatic acid and wipe with soldering paste. Prepare a shallow trough 
by grooving a piece of timber somewhat longer than the splice. Fill the trough with 

molten solder and dip the entire splice in the solder. Wipe the splice with folded felt, 

or otber heavy material, greased with tallow, sperm candle, or sweet oil. ; 

4657. Placing Sounding Wire on Machine 

Placing new sounding wire on the reel of a sounding machine is quite difficult. The 
coiled wire, especially piano wire, once out of control becomes hopelessly snarled. With 

patience, stranded wire can sometimes be unsnarled, but it is invariably a waste of 

time to attempt to straighten out piano wire once it is out of control. 
The use of a wooden cone, as described below, is almost essential in handling piano 

wire and it expedites handling stranded wire. By its use a coil of stranded wire can be 
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transferred to the sounding machine by power, and with experience and care the same 

method can be used with piano wire. 

A conical-shaped wooden frame, 2% to 3 feet high, should be constructed, built 

around an iron rod running through its center, on which it revolves as an axis. The 

diameter of the base of the cone should be about 1% times the outside diameter of the 
largest coil of wire to be used on it. With these dimensions a coil of piano wire should 
rest about halfway between the apex and base of the cone, a coil of stranded wire 
resting somewhat higher. 

Two wooden blocks with metal sockets should be built to serve as upper and lower 
bearings for the iron rod. The lower block may be secured temporarily to the deck in 
any convenient place and the upper block secured to a cross brace, so that the cone is 

held securely between them in a vertical position, yet can revolve freely. A rope brake 
is used, one end of which is secured and the other end held in the hand of an operator, 
with about a three-quarter turn around the cone. 

The wire is led off the cone downwards and under a horizontal bar of wood, thence 
upward over another similar bar at least 5 feet above the deck, thence horizontally for a 
distance of about 10 feet to a sheave directly over the sounding machine, and onto the 
reel. A sliding weight is placed on the wire between the higher of the two bars and the 
sheave. This weight must be kept from sliding toward the sheave by a light cord 

secured in the direction of the cone. The purpose of the sliding weight is to take up the 
slack in the wire between the bar and the sheave at all times, otherwise piano wire will 
surely kink sooner or later. This slack in the wire is also a safety factor, which gives 
the operator of the reel time to stop it, if the wire jams at the cone. 

The sounding machine is started slowly either by hand or power. The men at the 
machine and the rope brake watch the sliding weight constantly and are guided by its 
position. The machine should be run at constant speed and any variations in tension 
counteracted by the use of the rope brake. The brake is applied whenever the sliding 

weight begins to fall, and slacked as it rises. Some experience and constant attention 

are required, especially if the machine is to be run by power. The man at the machine 
must be ready to stop it instantly if the sliding weight rises quickly, for this may indi- 
cate that the wire is jammed at the cone and, if so, the wire will be parted if the machine 

is not stopped. . 

It is immaterial which end of a coil of wire is led to the machine, so long as the end 

is clear. Soon after starting, the wire appears to come from the inside of the coil and 

will continue to appear so until the entire coil is on the drum. 
A supply of wire may be carried on a storage reel, from which it can be transferred 

to the sounding machine by power in a much shorter time than is required to rig and 
use the cone for a new coil of wire. 

4658. Care of Sounding Wire 

Even galvanized sounding wire is likely to rust, unless properly cared for. At the 
end of a field season, or at any other time when the wire is not to be used in the near 
future, it should be run off the sounding machine reel, and thoroughly dried and oiled 
when replaced. The surface of the reel, and any part which comes in contact with the 

wire, should be well dried and freely coated with mineral grease, before rewinding the 

wire. The reel of wire should be well wrapped with oil-soaked cloths. 

When in use, and especially after the last sounding of each day, the wire should 
be run through a piece of well-greased canvas as it is reeled in. A brush dipped in 
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heavy oil or hot tallow should be held occasionally against the wire on the reel, while 
reeling in, for additional protection. 

The sounding machine itself should be protected by a canvas cover when not in use. 
The origina] cans of wire should not be opened until the wire is needed. Whena 

can is opened, either all of the wire should be put on the sounding machine or the unused 
remainder should be wrapped in oiled cloths before it is stowed away. 

466. SounpING LEADS AND WEIGHTS 

Sounding leads are weights attached to the leadline, or sounding wire, for the 
purpose of carrying it to the bottom, so that a vertical measurement of the water 

- depth can be made. 

The proper weight of lead for use in handlead sounding is given in 462. Weights 
varying from 14 to 110 pounds are used with sounding wire depending on the depth. 

In depths from 15 to 100 fathoms a lead weighing 14 to 25 pounds should be used for 
launch wire sounding. With a ship sounding machine a 35-pound lead should be used 
for depths to 1,000 fathoms, which is about the maximum depth from which it is 
practicable to recover the weight without risk of parting the wire. In depths greater 

than 1,000 fathoms, a detachable, pear-shaped, cast-iron sinker weighing about 65 
pounds is used with a detaching rod. When this strikes the bottom the sinker is 
detached and remains on the bottom. The strain on the wire is thus decreased when 
only the detaching rod is brought back to the surface. 

4661. Sounding Leads 

Sounding leads in the standard weights of 5, 7, 9, 14, 25, 50, and 80 pounds can 

be requisitioned from Naval Supply Depots, and other weights can be purchased com- 

mercially. Molds can be made up, if desired, and kept on board for use in making leads. 

Leads should be 1% to 2 inches in diameter, the length varying with the weight. There 
should be a cup-shaped depression in the bottom of a lead to receive tallow, soap, or 
other arming material used to obtain bottom samples. The upper end of the lead 

should be shaped like an eye, to which the Jine or wire is made fast. 
The preferable method of attaching a lead to a leadlife is to make the leadline with 

a galvanized thimble at the lower end to which the lead is attached by a shackle. Some 
leadsmen prefer to use a piece of leather between the lead and line, or the line itself 

may be passed twice through the eye in the lead, doubled back against the standing 

part, and seized in several places. Whichever method is used, the lead must be attached 
to the line when it is marked, and thereafter if the end of the line wears so that a piece 
of it must be cut off, the line must be re-marked. 

In sounding where the bottom is hard or rocky, the lower end of the lead will soon 
be flattened and spread out; it must then be hammered or trimmed to its original shape, 
as a misshapen lead will sink more slowly. 

4662. Lead for Rocky Bottom 

An effective sounding weight for use where the bottom is hard or rocky is made by 
filling a section of heavy galvanized iron pipe with molten lead. The pipe should be 

1 to 2 inches in diameter, depending on the weight desired. For use in attaching the 

pipe lead to the wire, a U-shaped %¢-inch rod or the end of a short length of chain should 

be set in the lead as it cools. A snapper, described in 4761, may be inserted in the 
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bottom of the pipe lead, or an ordinary lead for that matter, for obtaining bottom 
samples. 

4663. Lead for Very Soft Bottom 

A special lead can be made for use in ooze or very soft mud. An iron rod, by 

10 inches, with an eye in one end, is threaded throughout its length. A perforated 

wooden disk, reinforced by steel bands, is attached just below the eye. Below the 
disk, 2- to 4-pound sections of sounding lead drilled through the center are screwed on 

the threaded rod. The whole is held in place by a nut above the disk and one below 
the lead. Any desired weight of lead and size of disk may be used but a 7-inch disk 
and 10 pounds of lead will usually be found satisfactory. The leadline should be 
eraduated from the top of the disk. 

4664. Arming the Lead 

The sounding lead is armed to bring up for inspection specimens of the bottom. 
The depression, or grooved-out hole, in the bottom of the lead is filled with soap, 
tallow, or a mixture of both. Sand, mud, shells, and pebbles will adhere to these 

materials and be brought to the surface for inspection so that a description of them 

may be recorded in the Sounding Records. Some types of mud will not adhere to 
tallow or soap, in which case the snapper should be used. The sample of deposit 
brought up is but superficial, and is no criterion of what lies beneath. (See also 384 

and 476.) 
4665. Detaching Rod and Sinkers 

The Belknap-Sigsbee specimen cylinder, commonly known as a detaching rod, is 

a device which disengages a sinker when it strikes bottom. The sinker is suspended 

on a trigger, or tumbler, which is tripped when the bottom of the rod strikes bottom. 
The sinker is then automatically detached. The detaching rod with sinker should be 
used for all wire sounding in depths greater than 1,000 fathoms. (See also 4744.) 

The sinker is pear-shaped, specially cast. Drawings and specifications are available 
for various sizes weighing from 35 to 110 pounds, although the size ordinarily used 

weighs 65 pounds. This sizeds about 8 inches in diameter at its widest point. <A hole, 
2} inches in diameter, runs vertically through the center, through which the detaching 

rod is inserted. A wire ear or hook is cast on each side of the sinker shghtly above the 
middle, to which a wire sling is attached. The sinker is hung from the trigger of the 

detaching rod by this wire sing. To decrease strain on the sounding wire and machine 
the sinker is detached and left on the bottom. . 

Another type of detaching weight for use with a snapper is described in 4761. 

467. T1ipE GAGES 

A tide gage is an instrument for measuring the rise and fall of the tide. Tide gages 
may be divided into two classifications—nonregistering gages which require an observer 
to record the heights of the tide, and self-registering, or automatic, gages which auto- 

matically record the rise and fall of the tide while unattended. Both types of tide gages 
are fully described in Special Publication No. 196, Manual of Tide Observations. 

The Coast and Geodetic Survey uses two principal kinds of automatic tide gages 
which record the tide in the form of a graph. The standard automatic tide gage is 

designed for use at primary tide stations, or at stations where observations are to be 
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continued for long periods of time. The portable automatic tide gage is designed for 

use at tide stations which are to be continued for only short periods and where ease of 
installation is an important factor. 

Special Publication No. 196 contains detailed information relative to the construc- 
tion, and instructions for the installation and operation, of both types of automatic 
tide gages. The requirements with respect to the installation and operation and the 
submission of data shall be fully complied with. 

Any automatic tide gage should be visited and inspected frequently enough to 

ensure continuous operation, especially durig actual hydrography. The standard 
automatic gage, once successfully installed, should give satisfactory results if the daily 

comparison and inspection called for in Special Publication No. 196 are made. The 

portable automatic gage should be visited at least every other day, if practicable, despite 
the fact that it is driven by an 8-day clock and should operate normally without atten- 

tion for a week. The possibility of long hiatuses in the record will be avoided by so 

doing. The record should be changed every fourth day to preclude an erroneous inter- 
pretation of a maze of curves. 

4671. Operation of Tide Gage 

Before installation and after operation, a tide gage should be thoroughly over- 

hauled, cleaned, and oiled, with particular attention being paid to the pencil arm and 

bearings. The pencil arm should also be cleaned periodically during operation, using: 
kerosene or unleaded gasoline for the purpose. 

All the difficulties which might arise cannot be anticipated. Those most commonly 

encountered are listed in paragraphs 147 to 155 of Special Publication No. 196. It is 

very important that the float well or pipe be vertical to keep the float from rubbing or 

catching on its sides. The inside dimensions of the float well of a standard automatic 
gage should be not less than 12 inches square. The diameter of the float is 8% inches 
and a smaller float well will not provide enough clearance, especially if it is not exactly 
vertical. 

4672. Tide Station Records 

The location of the tide station to be used for the reduction of soundings must be 
entered in the Sounding Record in the appropriate space in rubber Stamp No. 38 at 
the end of each day’s work (see fig. 183). If more than one tide station is to be used 
on the same day, the time when the change from one station to another is effective 
shall be noted in the Record. Any height or time correction to be applied to the 
tidal data to refer them to the locale of hydrography for use in reducing soundings shall 
also be indicated in the Record. 

Field parties must scale the necessary hourly heights from the marigrams before 
forwarding them to the Washington Office. When the plane of reference is needed for 

the reduction of soundings, it should be requested from the Office. (See also 1215 
and 1438.) 

The method of tabulating and reducing tide records is described in paragraphs 199 

to 258, Special Publication No. 196, Manual of Tide Observations. Field parties will 
ordinarily tabulate and reduce only those records needed for tide reducers for the 
hydrography. 
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47. OCEANOGRAPHIC INSTRUMENTS 

The instruments chiefly used in hydrographic surveying are those designed for the 
determination of positions and the measurement of depths. Other instruments are 
required, however, to measure the temperature and salinity of sea water. ‘These essen- 
tial data are required to compute the theoretical velocity of sound for use in R.A.R. 
and to correct the echo soundings. Other special instruments are used to obtain ~ 
samples of the bottom material so that bottom characteristics may be charted. 

The thermometers used to measure the temperature of sea water are of a special 
design that will record temperatures at various selected depths between the surface and 
bottom. The salinity of sea water is determined from specific gravity measurements 
made with hydrometers placed in water specimens which are trapped at various depths 

in special instruments known as water bottles. Bottom samples are also obtained by 
means of special instruments which enclose samples of the bottom material, which 
may then be raised to the surface for examination and a record of the characteristics. 

Oceanographic instruments are usually made of nickel-plated brass which is little 
affected by the corrosive action of salt water in which they are frequently submerged. 
They must be thoroughly rinsed in fresh water after use, after which they should be 
dried with a cloth. All moving and hinged parts and screw threads should be lightly 

oiled occasionally to ensure perfect working condition. When not in use, the instru- 
ments should be stowed in a safe place where they will not be damaged. Thermometers 
should be removed from the instrument frames and stowed very carefully in their 

wooden cases. 
Oceanographic instruments should be tested before use to ensure that they will 

function as intended. Unless an apparatus is adjusted properly it may have to be 
raised an excessive distance before it reverses or closes as intended. It may be tested 
by being lowered 2 or 3 fathoms below the surface to observe the action when it is 
raised. An instrument in proper condition and adjustment should reverse or close in 
this distance. If it does not, it should be adjusted before further use or returned to the 

Washington Office for repairs. 
The ingenious apparatus devised by Hooke in 1660 has been utilized as the fun- 

damental principle in all sampling devices, and few improvements of importance had 

been made until recent years. Recent improvements, however, have been made in 

the design of many oceanographic instruments which not only permit quicker measure- 
ments but also furnish more positive and accurate results. The bathythermograph 
(473), the multiple sea sampler (4743), and the Piggot gun (4764) are examples of 
these recent developments. Further innovations are to be expected and the hydrog- 
rapher should be ever alert not only to improve existing oceanographic instruments 

but also to envisage the possible development of new ones. 

471. DEEP-SEA THERMOMETERS 

A thermometer used to measure the temperature of sea water must be of special 
design since it must not only register the temperature at any depth, but must maintain 

the record until raised to the surface, where it can be read. There are two general types 

of thermometers used for this purpose. The first is the reversing type. This is the 
most accurate, and it is the easiest to use. Reversing thermometers are of two types, 
protected and unprotected from the pressure of the water. The protected type is 

made with or without an auxiliary thermometer to measure the temperature of the 

enclosed column of air. 
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The second type of deep-sea thermometer is an ordinary thermometer mounted 
in a special water bottle (4716), insulated to maintain the temperature constant while 

it is being brought to the surface. 

4711. Protected Reversing Thermometer 

The type of deep-sea thermometer in general use by the Coast and Geodetic Survey is the pro- 

tected reversing thermometer without an enclosed auxiliary thermometer. It is a delicate instrument 

of expert workmanship. The thermometer is of special design and so constructed that 

the column of mercury in the capillary tube is parted when the instrument is inverted. 

This thermometer is illustrated in figure 84 in the position in which it should be lowered 

into the water. The entire thermometer is enclosed in a heavy glass case A to protect 

it from the pressure of the water. The glass capillary tube B is held in place at its upper 

end by a rubber ring or metal clasp C and at its lower end by a special composition seal D 

that also serves to incase sufficient mercury in the lower end to surround the mercury 

reservoir # of the thermometer, providing for rapid temperature conduction from the 

surrounding water. The special features of the thermometer are: A knife-edge in the 

capillary tube at F which is made by an appendage in the tube; a gooseneck which may 

take the form of a U-turn, S-turn, or a complete circle, as illustrated at G, at which point 

the capillary tube is enlarged; and a supplementary mercury reservoir H at the upper end 

of the tube. 
When the thermometer is inverted the extra weight of the mercury in the enlarged 

section of the capillary tube in the gooseneck breaks the mercury column at the knife- 

edge; the mercury flows into the supplemental reservoir, and extends into the graduated 

stem where the temperature is read when held in an inverted position. This type of 

thermometer contains a large volume of mercury, permitting an expanded scale of grad- 

uations, since they are based on the expansion and contraction of the total amount of 

mercury in the reservoir and capillary tube; but the reading of the scale is based on the 

amount of mercury above the knife-edge after it flows into the smaller reservoir. This 

type of thermometer is usually graduated in degrees centigrade, with a range from — 2° 

to +35° C., each degree being subdivided into five parts, although some are only sub- 

divided into half-degrees. 

4712. Temperature Errors 

Temperatures measured with protected reversing thermometers may 

contain small errors from two different sources. One of these is an intrinsic 

error of the thermometer due to slight irregularities in the capillary tube 

and slight errors in the graduations of the temperature scale. The other error 

is due to a change in the volume of the mercury contained in the capillary ee Fae 
tube and smaller reservoir caused by the different temperature of the sur- versing  ther- 

rounding air after the thermometer has been brought to the surface. The “°° 

temperature in situ may be obtained by correcting the observed temperature for 
these errors from the report of the calibration test made by the National Bureau 
of Standards. A copy of this is furnished with every reversing thermometer. This 
report contains the manufacturer’s number, the National Bureau of Standards num- 

ber, the thermometer scale, the value of each graduation, and in addition, the follow- 
ing type of information in tabular form: 

Correction (in degrees) when temperature Temperature when thread is detached Wotiderached! thread 

O2n€, L5G. 35° C 
SO emer ree eaten eae ae sete Ne apes Oe Mrs ie (+0. 12) —0. 49 =i stv 
a Cos Se ee rag OP ag ee et Ron a +0. 76 CEOr in) SUS 5) 
SO Omer te E Meee Tae Sdn Ne Sate 7 Re aie eG aig elenOas (+0. 14) 

465382—44——__27 
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The first column may be considered for practical purposes as the observed temperature or temper- 

ature at time of thermometer reversal. The entries in the three columns under the second heading are 

the corrections to be applied (algebraically tothe observed temperatures) for three different temperatures 

of air in the thermometer at the time of reading. The National Bureau of Standards determines, by 

actual comparisons against the standard, only those corrections shown in parentheses; the other cor- 

rections are computed. The coefficient of expansion of the glass and the volume of the supplemental 

reservoir to the mark at 0° C., which is furnished in the report of the test, are needed to compute these 

other corrections. The volume is the amount of mercury contained in the supplemental reservoir 

below the zero graduation and is expressed in the equivalent number of degrees the mercury would 

occupy in the capillary tube. This is known as the degree-volume of the thermometer. Computa- 

tions involving the above data are not required in the field and are explained only for a better under- 

standing of the National Bureau of Standards report. It is apparent that the magnitude of the 

corrections in parentheses is an indication of the accuracy of the thermometer. The corrections should 

be small if the thermometer is accurately graduated and uniform if the size of the capillary tube is 

uniform. The magnitude of the computed corrections varies with the degree-volume of the ther- 

mometer and depends on the volume of the supplemental reservoir; if the degree-volume is large, the 

corrections are large and they will have to be applied to observed temperatures. 

4713. Corrections to Observed Temperatures 

k Thermometer corrections may be conveniently obtained from a graph, as in figure 85, plotted on 

cross-section paper from the correction values of the National Bureau of Standards report. The 

temperatures of the enclosed air column when the reversing thermometer is read are plotted as 

abscissas at convenient divisions of the cross-section paper. The corrections to be applied, minus 

below and plus above a zero line, are plotted as ordinates. All of the corrections in the report are 

DEEP-SEA THERMOMETER 
MAKERS NO. 728297 . 

+1.0 

+ 0.5 
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ERROR OF 

THERMOMETER 

-0.5} 

CORRECTIONS TO OBSERVED TEMPERATURES 
+ 
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FIGURE 85.—Exanmiple of thermometer correction graph. 

plotted and the points for each corresponding observed temperature connected. These lines will 

furnish only corrections for the three observed temperatures tabulated, i. e., 0°, 15°, and 35°. The 

intermediate lines for each 5° should be interpolated between these by subdivision of the intervening 

spaces. It is to be noted that the calibration curve of a reversing thermometer retains its shape but 

shifts slightly along the ordinate as the thermometer ages. 

To determine the correction to be applied to an observed temperature, the temperature of the 

enclosed column of air must be known. This may be determined by several methods. The reading 

of the thermometer may be deferred until the temperature of the enclosed column reaches the tempera- 

ture of the atmosphere but this will require from 15 to 20 minutes, depending on the difference in 
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temperature and the thickness and size of the protecting glass case. ‘The process may be hastened by 

submerging the reversing thermometer in a bucket of water and allowing the temperature of the column 

of air to reach the temperature of the water, which will require about 4 or 5 minutes. The temperature 

of the enclosed column of air is easily determined when a special reversing thermometer, that has an 

auxiliary thermometer inside the protecting case, is used. With this type it is only necessary to take 

a simultaneous reading of the reversing thermometer and the auxiliary thermometer. Regardless of 

the method used to obtain the temperature of the enclosed column of air, the graph (fig. 85), is entered 

with this temperature on the abscissa scale and where it intersects the temperature of the detached 

thread (observed temperature) the correction is read from the ordinate scale. 

4714. Accuracy of Observations 

Precisely measured temperatures are not necessary for hydrographic surveys. An 

accuracy to a tenth of a degree centigrade is satisfactory for all purposes. This is 
equivalent to an accuracy of one-half meter per second in the velocity of sound, which is 
adequate for the computation of the horizontal velocity and for correcting echo sound- 
ings. In water of moderate depth (100 fathoms or less) this accuracy may be obtained 
if the reversing thermometer is raised rapidly and the temperature read immediately 

efter the thermometer reaches the surface, before sufficient time has elapsed for the 
temperature of the enclosed column of air to change materially. The observed reading 
should, however, be corrected for the intrinsic error of the thermometer, which will be 

obtained from the corrections based on actual tests (not the computed ones) made by 
the National Bureau of Standards. If the temperature is not read immediately, or if 
the observations are made in deep water, the temperature of the enclosed column of air 
should be determined and the total correction made. 

Accurate water temperatures are sometimes required for scientific studies but, 
when required, the Chief of Party will be so notified in the project instructions. For 
such use additional precautions are necessary to ensure that the temperatures are accu- 

rate to a few hundredths of a degree centigrade. A special reversing thermometer, 

graduated to tenths of a degree and containing an auxiliary thermometer, should be 
used when accurate temperatures are specified. 

4715. Unprotected Reversing Thermometer 

There are also deep-sea reversing thermometers of an unprotected type, which are 
not sealed in glass cases to protect them from the pressure of the water. These are not 
used by the Coast and Geodetic Survey, but are sometimes used in oceanographic 
studies. An unprotected reversing thermometer will give a fictitious temperature 
higher than the true temperature because of the compression of the glass. Used in 

combination with a protected reversing thermometer at the same depth, the difference 
in temperature of the two is a measure of the pressure, and from these data the depth 
at which the thermometers were reversed may be computed. This method is used 
to determine the depths at which observations are made, especially during rough 
weather when the sounding wire does not remain vertical. 

4716. Insulated Water Bottle 

Water temperatures may also be measured with an ordinary type of accurately 
eraduated thermometer enclosed in an insulated container such as the Nansen-Petters- 

son water bottle. The container is made of metal with interior insulation. It has an 
_ upper and a lower valve which remain open during the descent of the bottle, but which 
are closed at the desired depth by means of springs, released by a messenger. The ther- 
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mometer is enclosed and sheathed in strong glass with the mercury reservoir of the ther- 
mometer projecting into a cylinder containing the water sample and the graduated 
stem extending upward into a tube at the top of the container, where it may be read. 
The insulated water bottle can be used only to a depth of about 300 fathoms and tem- 

peratures obtained in this way must be corrected for a small decrease in temperature 
caused by the decompression of the water sample and bottle. Its advantage lies in 
the fact that the temperature and water sample are obtained simultaneously with one 
instrument. 

472. REVERSING THERMOMETER FRAMES 

A necessary adjunct to a deep-sea reversing thermometer is a frame which protects 

the thermometer, and by which it may be capsized at any desired depth by means of 

D 

FIGURE 86.—Oceanographic instruments in position to sound. A. Improved Sigsbee watercup. B. Tanner-Sigsbee reversing frame 

and reversing thermometer. C. Sounding lead with snapper type of sampling device attached. D. Belknap-Sigsbee specimen 

cylinder with sounding weight attached. 

certain mechanical attachments. Some frames are capsized by a messenger which trips 
the inverting mechanism, and others utilize a propeller which revolves as the instrument 
is drawn upward through the water, withdrawing a pin that allows the thermometer to 

capsize. Some reversing frames are incorporated in instruments used to obtain water 

samples (see 474), but the frame generally used by the Coast and Geodetic Survey is 
designed exclusively for inverting the deep-sea thermometer. It is known as the Tanner- 

Sigsbee reversing frame. 
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4721. Tanner-Sigsbee Reversing Frame 

The Tanner-Sigsbee reversing frame (B in figs. 86 and 87) is designed for only one 
thermometer, which is held in a slotted metal tube holder by means of two helical springs 

one at each end of the tube. The springs press against rubber cushions in which the 
ends of the thermometer rest. The lower end of the holder is hinged to the bottom of 

the frame, the upper end being held in place by a pin. The pin is the lower end of a 
coarse-threaded shaft to the top of which a propeller is attached. The blades of the 
propeller are arranged so that downward passage through the water forces the pin into 

the small hole in the top of the holder, maintaining it upright, but as soon as the frame 

FIGURE 87.—Same oceanographic instruments after sounding. 

is drawn upward, the propeller revolves withdrawing the pin from the hole so that 

the holder is free to capsize. The pitch of the propeller is large enough so that raising 

it through less than 6 feet of water will withdraw the pm. The frame is clamped at top 

and bottom to the sounding line by a long spring. 

To assemble the reversing frame for use, the top of the holder is unscrewed and the upper spring 

and rubber cushion are removed from the thermometer holder; the reversing thermometer is inserted 

in the holder with the large mercury reservoir towards the hinged end and turned so that the gradu- 

ated scale will be visible through the long slot in the holder. The top spring is replaced with the 

rubber cushion against the thermometer and compressed while the top is screwed to the holder. The 

holder is secured in an upright position by revolving the propeller until the pin engages the hole. The 

frame is now ready to be clamped to the sounding line. The propeller end of the frame must be upper- 

most when it is lowered into the water. Since the clamp is likely to slip on sounding wire, a short 

section of leadline material, to which the frame may be clamped, must be inserted between the wire 

and the sounding lead. The reversing frame must be attached to the sounding line high enough above 

other instruments so that the thermometer holder will not strike them when it is inverted. 
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The Tanner-Sigsbee reversing frame has been improved in recent years; the propeller is now built 

with three blades and with an increased pitch. The improved models are faster-acting and have been 

observed to capsize the thermometer when raised through only 1 foot of water. The propeller shaft 

must be thoroughly oiled and maintained in good condition in order to retain this rapid action. 

Certain difficulties may be experienced in operation. When the thermometer holder fails to 

capsize it is probably due to improper adjustment of the propeller blades. One of the blades of 

the propeller is slightly wider than the other two and is adjusted to strike a stop pin when the instru- 

ment is lowered, to prevent the propeller screw from jamming against the threads. The stop pin 

must have a flat top and project just enough so that the propeller blade will not touch it at all on the 

revolution just preceding that when it strikes the pin and stops. If readjustment is necessary in the 

field the pin should be filed to a flat end of the required length. 

Another possible difficulty is that the long spring clamp may lose its tension which will permit 

the frame to slip on the sounding line. The spring is made of bronze to resist corrosion, but it does 

not have much tension. The tension may be increased by pulling the long part of the spring away 

from the frame. Serving the sounding line with sail twine to provide a larger diameter for the two 

clamps will prevent the frame from slipping; or better still, the frame itself may be lashed to the 

sounding line with sail twine. 

4722. Other Reversing Thermometer Frames 

Another reversing frame of modified design operates on the same principle as the 
Tanner-Sigsbee reversing frame. This instrument also utilizes a propeller but it con- 
tains two thermometer holders—one for a protected and the other for an unprotected 

thermometer. The holders are pivoted near the center between two vertical members 

of the frame, and when released by the action of the propeller, they are inverted by a 
weight attached to the upper end. This frame is provided with clamps by which it 
may be attached to the small-diameter sounding wire. 

The Knudsen type of reversing frame is constructed exactly like the one described 
in the preceding paragraph, except that the mechanism is actuated by a messenger 
(see 4742) that releases a spring trigger which permits the thermometers to capsize. 
The messenger type of release is more positive acting than the propeller type. With it 
the reversal occurs with certainty at the desired depth, while the propeller type may 

be reversed prematurely in a rough sea by the rolling or pitching of the vessel raising 
the instrument through the water sufficiently to revolve the propeller. . 

These two types of reversing frames are not used by the Coast and Geodetic Survey. 

473. BATHYTHERMOGRAPH 

The bathythermograph is a device for obtaining a continuous graphic temperature- 

depth record of sea water. With it temperatures can be measured rapidly, and better 
information can be obtained on the vertical distribution of temperatures. The instru- 
ment is new and should be considered in the development stage, but it certainly em- 
bodies desirable features that simplify the problem of determining the changeable tem- 
peratures of the upper layers of water adequately for use in hydrographic surveying, 
particularly where these data are needed for the computation of the velocity of sound. 

There are two types of bathythermographs, the bimetallic-reed and the Bourdon, 
differing only in the device employed to measure the temperature and in the construc- 
tion necessary to accommodate this device. Both measure temperatures between 0° 
and 30° C. 
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4731. Bimetallic-Reed Type Bathythermograph 

The first model of the bathythermograph contained a bimetallic-reed temperature element enclosed 

in a metal tube 2% inches in diameter and 27 inches long. The upper part of the metal tube had 

perforated sides to permit the free passage of sea water. The reed was attached through heat-insu- 

lating material to a pressure element in the lower watertight compartment of the tube. The pressure 

element consisted of a series of metaliic bellows that compressed with an increase in pressure, moving 

the bimetallic reed longitudinally in the tube. Variations in temperature bent the bimetallic reed 

to move a stylus attached to its upper end which was in contact with a stationary glass slide. The 

contact side of the slide was smoked by a special process, and on it a curve of temperature correlated 

with depth was traced by the action of the bending of the bimetallic reed and the compression of the 

pressure element, 

The bimetallic-reed type of bathythermograph makes a record of the temperature during its 

descent through the water and another during its ascent. The trace on the smoked glass is likely to 

be rather wide when used during rough weather, because of excessive vibration in the bimetallic reed. 

This model can be used to a depth of 82 fathoms but the vessel must be stationary in the water and, 
because of instrumental lag, the speed of lowering and raising must not exceed 10 fathoms per minute 

in order to avoid a double trace. 

4732. Bourdon Type Bathythermograph 

The new design of the bathythermograph (fig. 88) incorporates a Bourdon type of temperature 

element, eliminating many of the objectionable features of the bimetallic-reed type. The size is about 

the same and the pressure element is essentially the same but is located in the upper part of the metal 

tube. The glass slide, on which the record is traced, is attached to the lower end of the pressure element 

4 

FIGURE 88.—Bourdon type bathythermograph. A. Graduated grid. B. Scanning device. C. Smoked slide. 

and is moved longitudinally along the axis of the instrument by changes in pressure. The spiral of the 

temperature element is mounted inside the lower end of the tube in a square housing, only the bulb of 

the temperature-responsive system being outside in full contact with the surrounding water. A stylus 

arm is attached to the Bourdon spiral, the stylus marking the temperature-depth curve on the 

smoked slide. 

The Bourdon type of bathythermograph is more sensitive to temperature changes and less sensi- 

tive to vibrations, and it may be lowered and raised faster than the bimetallic-reed type. Its use is 

limited to depths less than 75 fathoms. With it a temperature trace may be obtained from a vessel 

while underway and satisfactory results have been obtained at a speed of 15 knots. For use while 

underway, a considerable length of wire and an additional weight are necessary to permit the instru- 

ment to reach the maximum depth. When the bathythermograph is used from a vessel stationary 

in the water, the record of both traces is valuable as a check and to ensure that the instrument is work- 

ing correctly. However, when the instrument is used while underway the two curves may not coins 
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cide because the paths of descent and ascent will be at different places, and the temperatures at equal 

depths may differ. The Bourdon type of bathythermograph may be provided with a Nansen bottle 

clamp, which contains a mechanism that can be tripped by a messenger to raise the stylus from the 

glass slide when the instrument reaches its lowest point of descent. This eliminates any temperature 

trace being made during ascent. 

4733. Projector and Slides 

The glass slides are very small, 1 by 1242 inches, and the temperature trace must be enlarged at 

least four times for satisfactory use (see C in fig. 88). 

A special projector is used to throw an enlarged image of the trace on a ground-glass screen where 

it may be traced with pencil or pen on a translucent calibration graph. The slide holder in the projector 

is constructed to hold the glass slide in the same relative position it is held in the bathythermograph 

and no reference marks are needed on the slide. The special projector is expensive and is not essential, 

for the slides may be projected in any 35 mm commercial enlarging camera with a good lens, obtainable 

from any camera supply store. When the latter is used the slides have to be projected on a calibration 

graph, where the temperature trace is adjusted to thermometer temperatures plotted thereon as refer- 

ence points. These thermometer temperatures are taken by reversing thermometer, simultaneously 

with the bathythermograph measurement. 

A calibration graph must be constructed for each bathythermograph from a complete series of 

simultaneous observations with the instrument and a reversing thermometer. The depths are plotted 

as ordinates and the temperatures as abscissas. The graph consists of a system of vertical parallel 

lines crossed by a system of curved lines with a radius equal to the length of the stylus arm connected 

to the temperature element (in the Bourdon type), or the length of the bimetallic reed (in the bimetal- 

lic-reed type), multiplied by the number of times the trace is to be enlarged. An arbitrary spacing 

between the curves is chosen such that the graph will cover the maximum depth range of the instru- 

ment. The spacing of the vertical lines is determined by projecting on the graph the various slides 

for which the ranges of temperature have been accurately obtained from simultaneous observations. 

The distances on the graph for various temperature differences resulting from the comparisons are 

then averaged and the correct spacing determined for degree intervals. The abscissas of the graph 

are made for the range of temperature of the instrument. A suitable size calibration graph may be 

made on 8- by 10!4-inch paper to provide for enlarging the trace eight times when projected. After 

the calibration graph has been constructed by the field party it may be sent to the Washington Office 

for reproduction (see 482). 

After calibration, a simultaneous thermometer temperature at the surface and a depth measure- 

ment of the lowest part of the temperature trace suffice theoretically to correlate the temperature trace 

to the calibration graph. Practically, additional simultaneous thermometer temperatures are needed 

near the midpoint and lowest part of the trace. 

A box containing 100 glass slides is furnished with each bathythermograph. The slides are made 

of noncorrosive glass, smoked on one side by a special process. After a slide has been used and the 

temperature trace has been permanently recorded on the calibration graph, the smoked coating may be 

removed and renewed for use a second time. The slide should be thoroughly cleaned in a bath of 

carbon tetrachloride, or a similar liquid, to dissolve the thin film of oil which is the base to which the 

smoke adheres while it is submerged in water. After the slide has been cleaned it should be wiped dry 

with a clean cloth. Rendered skunk oil is the base for the smoked coating and should be applied with 

the finger in a very thin uniform coat on one side of the slide. Skunk oil is not readily obtainable at all 

places but it may generally be purchased at old established pharmaceutical companies in large cities. 

When it is not available a thin coating of vaseline or petroleum jelly may be substituted. The slides 

are smoked best over a coal gas flame to obtain a light coating of carbon particles, but this type of 

flame is not usually available on board ship. The best substitute is cigarette lighter fluid in an alcohol 

wick lamp. The glass slide is held over the flame, oil-coated side down, and the oil baked until its 

glossiness has disappeared and the entire surface of the slide has a dull appearance. A piece of wire 

may be bent into a shape to hold the glass slides over the flame. They should not be held over it too 

long because the glass may crack if it is overheated. 
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474. WATER SPECIMEN Cups 

Water specimen cups are designed to trap samples of sea water at desired depths 

so they may be brought to the surface for examination. Various types of cups have 
been designed for this purpose, among which may be mentioned the Ekman and Nansen 

reversing water bottle; the Meteor, Allen, and Nansen-Knudsen closing bottle; the 

Nansen-Pettersson insulated bottle (see 4716); the Sigsbee watercup; and the Green- 
Bigelow closing bottle. Only the last two of the types listed are used by the Coast 
and Geodetic Survey at the present time. 

4741. Sigsbee Watercup 

The Slesbee watercup (A in figs..86 and 87) is an efficient instrument for col- 

lecting water samples. It is similar to the Tanner-Sigsbee reversing thermometer frame 

(see 4721) in the way it is attached to the sounding line and in that a propeller is em- 
ployed to hold the valves closed. There are two poppet valves on the Sigsbee water- 
cup, one at the top and one at the bottom, which are connected by a rod through the 

axis of the cylinder so that the two valves open and close simultaneously. The pro- 

peller is mounted in a frame at the top of the cylinder and revolves freely on the descent, 
but on the ascent a clutch engages a locking screw pin so that the revolutions force it 
down against the upper valve. The valves remain open while the instrument descends, 

they close when it is motionless, but on the ascent they seat firmly and the action 
of the propeller locks them in this position. When the watercup is hoisted to the rail 
of the ship, the locking device is first unscrewed, then the upper valve is raised with 

the fingers, allowing the water to flow from the watercup into a hydrometer jar held 
under the lower valve. Like the Tanner-Sigsbee reversing frame, the Sigsbee water- 
cup is designed to clamp on leadline or similar light line and must be placed so that 
the propeller is at the top. 

4742. Green-Bigelow Water Bottle 

Although seldom used by the Coast and Geodetic Survey, the Green-Bigelow water 
bottle is an efficient instrument which has the additional advantage of embodying a 
reversing thermometer holder. The water cylinder is hinged on one side of a heavy 
frame, the hinges incorporating stopcocks’ at the upper and lower ends of the cylinder. 
A reversing thermometer holder is pivoted on the frame so that it will capsize when 

released. A mechanism is provided to hold the stopcocks of the water cylinder open 

and the thermometer holder upright while the instrument is lowered. When the 
desired depth is reached, a messenger, that fits around the sounding wire, is released 
at the surface and descends along the wire until it strikes a trigger on top of the instru- 

ment. This releases the reversing thermometer holder and allows the water cylinder 
to fall on its hinges, closing the stopcocks. The water cylinder contains a petcock 

through which the water sample may be drawn off into a hydrometer jar. 

4743. Multiple Sea Sampler 

The multiple sea sampler is a new instrument that promises to be a valuable 
accessory in oceanographic surveys. It comprises six sample bottles arranged so that 
they trip and take water samples at different selected depths from a vessel underway. 

It is limited in use to depths less than 82 fathoms. 

465382—44—— 28 
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The sample bottles are placed in a frame around a central column containing a 
pressure element similar to that in the bathythermograph. Each bottle has two stop- 
cocks, one at top and bottom, which are operated simultaneously. In the upper part 
of the pressure element are six slots, one opposite each bottle, which can be adjusted 
in length to correspond to different depths. When the bottles are in place around the 
central column the stopcocks are held open by triggers pressing against the upper part 
of the pressure element. As the instrument is lowered through the water, the pressure 
element contracts and each trigger in turn can enter its respective slot, releasing the 
stopcocks which are closed by spring action. Thus, each water bottle in turn is closed 
at a depth corresponding to the pressure for which the length of the slot is adjusted. 

4744. Bottom Specimen Cup 

The Belknap-Sigsbee specimen cylinder, commonly known as a detaching rod 
(D in figs. 86 and 87), contains a device to obtain a sample of soft bottom and of the 
water at the bottom, but its principal use is to release a sinker when the instrument 

strikes the bottom. Only when the bottom is soft or oozy will a sample of the bottom 
be obtained, and even in this case it may be mixed with the water. 

The water specimen cylinder has a poppet valve on its lower end which is held 
open by the force of the water during descent but closes as soon as it is raised off the 

bottom. During the descent water flows freely through the valve and through holes 
in the top of the cylinder, both of which are closed on the ascent. The action of the 

poppet valve is often ineffective as some of the bottom material frequently prevents 
the valve from closing tightly and the water sample is lost, but in this case a sample 
of the bottom material is usually obtained. The most effective instrument for obtain- 
ing samples of bottom water, satisfactory for hydrographic purposes, is a Sigsbee 
watercup attached to the sounding line a few fathoms above the bottom (see 4741). 

The sounding weights used with the Belknap-Sigsbee specimen cylinder are specially 
cast pear-shaped weights with a vertical hole through which the cylinder passes to make 
contact with the bottom. The weights are cast with heavy wire loops on opposite 

sides by which they are suspended from a trigger at the top of the instrument by a 
seizing wire sling. This trigger is known as the Sigsbee releasing device and detaches 
the weight when bottom is struck. (See also, 4665.) 

475. HyprROMETER SETS 

The method usually used by the Coast and Geodetic Survey to determine the 

salinity of sea water (see 633) is to measure the specific gravity of the water with a 
hydrometer. Salinity and density are related by definition, so that if the relative 
density or specific gravity is known, the salinity may be found by the use of tables or 
a graph. By this method the salinity may be determined within one or two units in 
the third significant figure, if the temperature of the water sample is measured to the 
nearest 0.1° centigrade and the specific gravity to one in the fourth decimal place. The 
temperature and specific gravity of a water specimen are measured with a hydrometer 
set consisting of a hydrometer jar, a laboratory centigrade thermometer, and a set of 
three hydrometers graduated for different ranges of specific gravity. These are illus- 
trated in figure 89. 

There are other instruments used by scientists to measure directly the density of 
sea water, from which salinity can be obtained; these are not ordinarily used by the 
Coast and Geodetic Survey. The pycnometer gives very accurate results, but it 
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cannot be used on board ship, since it involves a balance; neither can the method of 

hydrostatic weighing, a modification of Mohr’s balance, for the same reason. The 
Nansen total immersion hydrometer gives very accurate results but the method is 
laborious, and requires considerable time for a determination and relative stability of 
the vessel. The Pettersson chain hydrometer also requires excessive time but is 
otherwise well adapted for field measurements. These instruments have another 
serious disadvantage in that large water samples are required. 

4751. Hydrometers 

A glass hydrometer has a small graduated stem, and a bulb counterweighted for the range of 

graduations on the stem. In order to reduce the length of the hydrometer stem for use in a water 

sample of small quantity, hydrometers are furnished in sets of three, graduated for the following 

ranges of specific gravity: 0.9960 to 1.0110, 1.0100 to 1.0210, and 1.0200 to 1.0310. This total range 

is sufficient to include the specific gravity of any sample from fresh water to the most saline likely to 

be encountered in sea water. The scales of the hydrometers are graduated to 0.0002 of specific gravity 

and can be estimated to 0.00005. Hydrometers are tested for accuracy by the National Bureau of 

FIGURE 89.—Hydrometer set. 

Standards and a calibration table is furnished. A copy of the calibration table is usually sent to the 

field party when hydrometers are shipped, but if not, it should be requested from the Washington 

Office. All specific gravity measurements must be corrected for errors of graduation before use in 

the salinity tables. 

The hydrometers used by the Coast and Geodetic Survey are usually graduated to indicate 

specific gravity at a standard temperature of 15° centigrade, referred to fresh water as unity at a 

temperature of 4° centigrade. This basis is indicated on the hydrometer by the following inscription: 

D. 15°/4° C. The salinity tables have been computed on this basis. 

Hydrometers may be graduated on a different basis and there are some in use at present that are 

graduated on a basis of D. 60°/60° F. If these are used for specific gravity measurements, the readings 

must first be corrected to refer them to the basis of D. 15°/4° C. before the salinity tables are entered 

(see 6331). A statement must be made on Form 717, Record of Temperatures, Salinities, and Theo- 

retical Velocities, that the specific gravities recorded have been so corrected. These corrections 

can be obtained from table 28 of the ‘Standard Density and Volumetric Tables’? (National Bureau 

of Standards Circular No. 19). For the specific gravity range of sea water encountered in the surveys 

of the Bureau the correction can be taken as —0.0010. Only hydrometers with manufacturer’s 

numbers from 652 to 976 inclusive are graduated on the basis of D. 60°/60° F. 

Another type of correction must be applied to observed hydrometer readings before the salinity 

tables are entered, namely, the correction for the variation of the water sample temperature from the 

standard of 15° C. for which the tables are computed. This is described in 6331. 
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4752. Hydrometer Jar 

The hydrometer jar is a cylindrical glass beaker of sufficient size to contain the water sample and 

permit immersion of the entire scale of the hydrometer without allowing the hydrometer to touch the 

sides or bottom of the jar. For use on board ship, a wooden base should be attached to the flanged 

bottom of the hydrometer jar to decrease the likelihood of its capsizing during rough weather. A 

6-inch square piece of heavy wood may be used, to which the hydrometer jar is fastened by means of 

two straps that fit over opposite sides of the flanged bottom. A disk of sponge rubber, cut slightly 

larger than the inside diameter of the hydrometer jar and inserted in the bottom, will protect the 

hydrometer from damage and possible breakage when it is placed in the jar. When the jar is cleaned 

after use, the sponge rubber should be removed and washed with fresh water and squeezed dry before 

being replaced in the bottom of the jar. A little fresh water left in the sponge will cause errors in 

subsequent measurements of specific gravities. 

4753. Specific Gravity Measurements 

Specific gravity measurements may be made with the hydrometer jar placed on a 
level bench or shelf, which should be provided on shipboard near the sounding machine, 

at an appropriate height; or they may be made with the hydrometer jar held in the 
hand, if there is excessive vibration or rolling. In either case the details of procedure 

are the same. 
A sufficient quantity of the water specimen should be poured into the hydrometer 

jar to float the hydrometer without touching the bottom, but without overflowing. 
The hydrometer is placed in the jar and allowed to come to rest. If held in the hand, 
the jar should be held near the top between the thumb and first or second finger and 

allowed to swing freely, while the other hand is used to steady the floating hydrometer 
until just before the reading is made when it must be allowed to float freely. The 
reading is made at the undersurface of the water (through the glass container and the 
water), after the outside of the jar has been wiped free of all condensed moisture. 

With the eye brought nearly level with the water, the surface of the water will be seen 
as a straight line intersecting the graduations on the hydrometer stem at the specific 

gravity. These observations should be repeated after disturbing the hydrometer 
and again allowing it to come to rest. 

The specific gravity of a water specimen varies with the temperature of the spec- 

imen, and to reduce the apparent (observed) specific gravity to the standard for which 
the salinity tables are computed (see 6331) the temperature of the water specimen must 
also be measured. A laboratory centigrade thermometer with a range from 0° to 50°, 
by which the temperature may be read to tenths of degrees, is provided for this pur- 
pose. The thermometer is inserted in the hydrometer jar and temperature readings 
are taken simultaneously with the hydrometer readings without lifting the thermometer 
bulb from the water. 

Several precautions are necessary during specific gravity measurements. The 
hydrometer should float freely near the center of the water column, the bulb touching 

neither the side of the hydrometer jar nor the thermometer. Any small air bubbles 
clinging to the hydrometer bulb should be detached before the specific gravity is read 
by rotating the hydrometer or by moving it up and down in the water. If the tempera- 

ture of the air differs materially from that of the water specimen, the water should be 

stirred and the temperature of the specimen read before and after the specific gravity 
measurement, the mean of the two temperatures being recorded. 

Some difficulty may be experienced in reading a hydrometer on shipboard, and. 

accurate readings are often impossible when the weather is rough and the ship rolls 
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excessively. Water samples taken at such times should be preserved in glass bottles, 
securely sealed to prevent evaporation, and stowed in a dark, cool place until they 

can be tested under better conditions. The test should not be delayed longer than 
necessary, because water samples deteriorate with age. Samples need not be retained 
after the specific gravity has been measured unless they are desired by a scientific 
organization, in which case the field party will be specially instructed by the Washing- 
ton Office. The samples, preserved meanwhile as outlined above, should be shipped 

at the first opportunity. 

476. Bottom SAMPLE DEvIcEs 

A device to obtain samples of bottom materials is required so that the bottom 
characteristics may be shown on the nautical chart. The mariner, and consequently 
the hydrographer, is interested solely in the material on the surface of the bottom, 
and only instruments for obtaining this information are needed in hydrographic 
surveying. (See also 384.) 

The scientist, however, is interested in obtaining a core sample of the layers of 
bottom sediment. Studies of these core samples disclose a wealth of important scien- 

tific data from the 72 percent of the surface of the earth which is covered with water 

and which, until recently, has remained hidden from the investigator. The addi- 
tional fact that the approximate limits of the ocean basins are believed to be unchanged 

since early geologic times also makes studies of these areas of scientific importance. 
The sedimentary layers have been deposited in historic sequence. In the middle 
of the ocean basins they remain undisturbed and have been deposited very slowly, 
so that a vertical core a few feet long represents a very long period of time. The 
geologist obtains important information from the character and thickness of the suc- 
cessive layers. From core samples an idea may be obtained of variations in the depth 
of the ocean in the past and also of changes in climatic conditions from a study of the 
fossils of microscopic animals (Foraminifera). Many minute particles of magnetic 

materials, that have settled to the bottom, are found in bottom core samples, oriented 

along the line of magnetic force. A study of these minute particles, with delicate 
electric apparatus, to determine the shift in orientation through the length of the core, 

reveals the cyclic change of the lines of magnetic force throughout the period of time 
represented by the deposits in the core. 

Such scientific investigations have no practical value in nautical chart construc- 
tion and the hydrographer has only an academic interest in them unless he is assigned to 
special oceanographic surveys, for which special instructions will be issued and, in that 

case, either he or his colleagues will be thoroughly familiar with the various instru- 
ments needed, which can be only briefly described here. 

4761. Snapper 

With the exception of the armed sounding lead (see 4664), a snapper-type device (C 
in figs. 86 and 87) is generally used for obtaining samples of the surface layer of the 
bottom in hydrographic surveys. This type of sampling device is especially useful for 
obtaining samples in deep water where the bottom material will usually be washed off 
the armed sounding lead during its ascent through the water. The snapper type of 
bottom sampler was developed by submarine cable engineers and is sometimes called 
a “telegraph snapper.’”’ It has two clamshell jaws that are held open by an interior 

trigger, held in place by the pressure of a compressed helical spring around the shank of 
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the instrument. The trigger is formed of two metal pieces hinged on the inside of each 
jaw, the end of one containing a filed groove and the other a chisel edge. They fit 
together when the jaws are open and are arranged so that their point of contact is slightly 
above the line between the two hinges. 

The correct adjustment of the tension of the spring is important and must bereached 
by trial. When the tension is correct the trigger will always be released when the jaws 
strike the bottom but they will be held firmly closed together at other times. The tension 
may be increased or decreased by moving a nut, which compresses the spring, along a 
screw thread on the shank. 

The shank of the sampler extends above the upper end of the spring so that it can 

be inserted in a sounding lead. A lead weighing 35 pounds or more should be used for 
deep soundings (see 466). 

This type of bottom sampler occasionally fails to return a saample from sand or rock 

bottom. If a pebble, shell, or other hard object lodges between the jaws to prevent 
them from closing firmly, the bottom sample will frequently be washed out during 
the ascent to the surface. A hard bottom will generally dent the jaws badly so:that 
they must be repaired before subsequent use. The snapper is very effective for return- 

ing samples of mud or soft bottom. | 
Snappers are obtainable in two sizes. The small size has a capacity of about 15 ce, 

the larger having approximately six times that capacity. The small snapper is regularly 
carried in stock at the Washington Office and will be found satisfactory for all hydro- 
graphic surveys. The large size must be ordered specially from the manufacturer but 
should not be needed unless large samples of bottom material are required for 
preservation. 

The snapper type of sampler is also adapted for use with a detaching weight of 
special design. This weight is cast in pear-shaped halves, which are held in a seizing- 
wire sling attached to a Sigsbee releasing device, similar to that embodied in the Bel- 

knap-Sigsbee specimen cylinder (see 4744). When the snapper strikes the bottom the 
weight is detached and falls apart, falling clear of the snapper, and is left on the 

bottom. 
4762. Coring Instruments 

Coring instruments are designed to obtain samples of sedimentary layers from the 
bottom of the ocean. To be of value the instrument must return an undisturbed sample 
with the layers in their true relation to each other from top to bottom. 

The usual device for obtaining bottom cores is simply a weighted metal tube with 
a cutting edge which is driven into the bottom by impact on striking. Detachable 
weights are used with some of these instruments, but with others fixed weights are used. 
The latter are difficult, in most cases, to withdraw from the bottom and raise from great 

_ depths. Most coring instruments require more powerful sounding machines and stronger 
wire than are customarily used in hydrographic surveying. The impact type of coring 
instrument weighs 400 to 500 pounds. The length of the core sample obtained depends 
on the character of the botton, but cores as long as 18 feet, the maximum length of the 
coring tube, have been obtained from a soft mud bottom. 

4763. Vacuum Lead 

A recently developed (1941) coring instrument, known as the ‘‘vacuum lead,” makes 

use of hydrostatic pressure to force a tube into the bottom sediment. This instrument 
consists of a coring tube, 18 feet long, which fits into a hollow cast-iron sphere to which 

4 



Pace 415 EQUIPMENT AND INSTRUMENTS 476 

the lowering line is attached. The air is exhausted from the sphere to form a partial 
vacuum within the cavity, and when the instrument is lowered, water is allowed to flow 
into the tube. The sphere is provided with a valve which opens when the cutting edge 
of the tube strikes bottom, allowing the water in the tube to flow into the sphere. The 
enormous hydrostatic pressure created forces the tube into the bottom. This type of 
coring instrument has been successfully used to obtain bottom samples in moderate 
depths of water, but there is no report yet of its having been tested at great depths. 

4764, Piggot Gun 

The most successful type of coring instrument for deep-sea samples is the Piggot 
gun. This instrument uses an explosive charge to drive a metal bit into the bottom at 
the instant the sharp end of the bit strikes the bottom. The quantity of explosive may 

be varied for different depths and different types of bottom, to make the full length of 
the tube penetrate into the bottom, provided it is neither hard nor rocky. It has been 

used at a maximum depth of 2,800 fathoms in the Bartlett Deep, but its limit is apparent- 
ly only the greatest depth of the ocean. 

In construction, the Piggot gun is simple but ingenious. It consists of five principal 

parts: a weight or gun, a cartridge, firing mechanism, water-exit port, and a tube or bit. 

The gun is made of cold-rolled steel, 10 inches in diameter and 20 inches long, with a 1-inch eyebolt on top, to which the lowering 

line is attached. The gun has an opening in the lower end forming a straight smooth bore, slightly larger than 2 inches in diameter 

to furnish a snug fit (clearance 0.0002 to 0.8005 inch) for the 2-inch diameter cartridge and firing-mechanism housing. It is a muzzle- 

loading gun and the bore is only deep enough to accommodate the combined lengths of the cartridges and firing-mechanism housing. 

The lower end of the gun is tapered at 45° to reduce the diameter to 4 inches, at the muzzle. One inch above the end of the muzzle four 

holes are drilled radially, into one of which a 34-inch brass shear pin is fitted to hold the mechanism in the bore until it is sheared by the 

force of the explosion. 

The cartridge is made in three sections, a midsection that contains the explosive charge and a section on each end to seal it water- 

tight. There are three parts to the explosive charge, one of a variable number of pellets of howitzer powder depending on the force 

required, 2 grams of fine-grained powder to ensure ignition and build up a pressure quickly, and a 30-30 rifle primer centered in the 

lower end of the cartridge which the firing pin strikes to sct off the charge. The upper section of the cartridge contains a rupture disk 

that seals it against the pressure of the water and ruptures when the explosive charge isignited. A thin copper disk seals the lower end 

of the cartridge and covers the primer, but is sufficiently dented, when struck by the firing pin, to set off the primer charge. 

The firing mechanism consists of a trigger, a firing pin, and a stiff coil spring housed in a brass casing which is attached to the lower 

end of the cartridge by a bayonet socket. The trigger is a flat piece of metal that fits into an appropriate horizontal keyway, so located 

that it will be at the muzzle of the gun when assembled. The outer end of the trigger protrudes beyond the bore of the gun and is 

beveled, while the inner end is notched to receive the end of the firing pin when cocked. The downward momentum of the gun, after 

the bit has struck bottom, slides the trigger across in the keyway, releasing the firing pin. The coiled spring then forces the firing pin 

against the thin copper disk, setting off the primer charge. The trigger is provided with a safety pin which is withdrawn after the 

instrument is over the side and ready to be lowered. 

Between the firing mechanism and the bit, a water-exit port of special design is sctewed which allows the water to flow rapidly out 

ofthe bit. The high velocity with which the bit is discharged from the gun requires a streamlined exit port of diameter larger than the 

bit, which also serves to engage a collar stirrup, that fits around the bit, providing a means for extracting the bit from the bottom. 

The bit in use in 1940 was atube 10 feet long and 214 inches in diameter, made of alloy steel to give it great strength. The inside 

of the bit contains four longitudinal lands and the grooves between the lands lead into four outside openings which admit water, which 

flows to the lower end of the bit to fill the cavity when the bit is withdrawn from the bottom. A brass tube fits inside the bit 

against the lands. The bottom sample is taken in this brass tube, both tube and sample being removed from the bit after return to 

the surface. The bottom end of the bit contains a cutting edge attachment, made of hardened tool steel, that fits loosely between the 

sample tube and bit. This attachment is held in place by two small screws, through slots that provide for a slight vertical movement. 

When the bit penetrates the bottom the attachment is jammed against it, but when the bit is withdrawn, the attachment opensslightly 

to allow water to flow out of the grooves. 

The assembled Piggot gun is suspended by a cable attached to the top of the gun. The firing mechanism is attached to the lower 

end of the cartridge and they are both held in the bore of the gun by means of a brass shear pin in one of the four holes provided in the 

muzzle. The water-exit port, with bit attached, is screwed into the lower end of the firing mechanism. The stirrup is placed on the 

bit and adjusted so that it hangs near the lower end by a lanyard attached to the sounding cable. When the bit strikes bottom, the 

weight of the gun operates the mechanism that actuates the trigger to release the firing pin. The exploded charge blows the assem - 

bled parts into the bottom, separated from the gun but still attached to the sounding cable by means of the stirrup and lanyard. When 

the instrument is raised, the collar of the stirrup slides up the bit until it comes in contact with the enlarged diameter of the water- 

exit port and the bit is withdrawn from the bottom. 



477 HYDROGRAPHIC MANUAL PaGE 416 

477. Rosperts Rapio Current METER 

A radio current meter, designed by an officer of the Bureau, was tried out experi- 
mentally in 1940, and in 1942 in a current survey in Puget Sound 12 stations were 
occupied using 3 of these instruments. At one station a series of 20 days’ observa- 
tions was secured, with the longest break of 8 hours’ duration. The breaks in the record 
were due principally to radio interference and static. 

The principle of the instrument is simple: A powerful magnet, pivoted so it is free 
to aline itself in the magnetic meridian, is mounted in a streamlined casing with fins 
which cause it to stream with the current at all times. By revolution about an axis 
concentric with the axis of rotation of the magnet, an electric contact is made succes- 

sively with one point attached to the magnet and one point on the casing. Itis apparent 

that the direction of a current will be indicated by the radial relation of the two contacts 
in one revolution cycle. 

If the electric contact is revolved by the force of the current, the time of revolution 
is a measure of the velocity of the current. 

The meter is suspended from a streamlined buoy as described in 2843. Radio 
signals are transmitted, when the electric contacts close, by a transmitter similar to 
that used in Radio Acoustic Ranging (see 6433, 6513, and 6523) which is installed in the 
buoy. Theradio signals are recorded ona chronograph tape, such as is used in R.A.R. 

(see 673 and 6853), which is installed ashore or on board the vessel used to service 
the buoys. 

Figure 90 is a simplified sketch illustrating the operating principle of the meter. The oil-filled, streamlined casing A has fins to 

cause it to stream with the current, when suspended freely, and an impeller B revolved by the current. The latter transmits its motion 

to the contacting mechanism in the sealed interior of the casing by a magnetic coupling C, so designed as not to affect the magnet. 

Thesketch does not show the forward part of the screw impeller, nor the afterbody of the shell, which contains an expansion chamber 

to equalize pressures inside and outside. 
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FIGURE 90.—Radio current meter. 

A compass magnet D, mounted in gimbals Hand damped by the oil in the casing, bears a spring-mounted point F. Another spring- 

mounted point G is fixed to the frame. By shafts and gears from the magnetic coupling a planetary gear system is revolved at a speed 

proportional to the velocity of the current. The rotating base gear H has mounted on it the planetary gear J, which is geared into the 

fixed pinion J. The relationship of the gears is such that the planetary gear J rotates about its axis once while it is making two revo- 

lutions about the axis of rotation of the magnet. 

The upper part K of the planetary gear J makes the contacts with the points F and G as it revolves past them. Since K is rotating 

slowly about its axis, its contact with F is a rolling contact, which exerts almost no tangential force. This results in little or no effect 

on the position of the compass magnets, even though a firm contact pressure may be exerted. 

The compass magnet and its contact F are always alined with the magnetic meridian,and the casing and its contact G are oriented 

with the direction of the current, so the two series of signals have a phase relationship from which the direction of the current can be 

deduced when they are recorded on a chronograph tape. The two series of signals are identified from the fact that the signals from 

contact F are twice as frequent as those from contact G, since contact with F ismade every revolution but contact with G@ is prevented 

every alternate revolution by a cut-out segment on one side of K. 
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The casing has trunnions on the sides slightly above the center of gravity, to which a yoke is attached. Where the velocity of the 
current will not exceed 3 knots, the instrument is simply hung from a buoy by a nonferrous wire with a short length of brass chain to 

permit it to orient itself freely. Where the velocity of the current exceeds 3 knots, in addition to its suspension, the instrument is 

connected horizontally to the anchor line by a rigid leader to the trunnions. This leaves it free to swivel vertically on its trunnions 

and horizontally about the anchor line. So constrained it will not sheer in any current. 

The streamlined buoy described in 2843 streams steadily without yawing in a 
current, and when the current meter is suspended from such a buoy additional accuracy 
of observations results. The instrument is suspended from the stern of the buoy and its 
4-foot separation from the anchor yoke makes fouling extremely rare; and fouling is 
eliminated entirely by the use of.the leader connection to the anchor line. 

A radio current buoy can be placed at a station where current data are desired and 

be left to broadcast its observations. The characteristic signals can be received by a 
shore or ship radio receiving station anywhere within receptive range and recorded on a 
chronograph. Or, for comparative purposes, a number of buoys, as many as 10 or 15, 

can be operated simultaneously at different stations in an area. 

In addition to other personnel, operation of the buoys requires the services of a 

qualified radio technician, and four chronograph observers trained to operate the radio 

receivers and chronograph, to interpret and scale the chronograph tapes, and to record 

the results. 

478. OrHER OCEANOGRAPHIC INSTRUMENTS 

In addition to those instruments used or adaptable for use in hydrographic survey- 
ing, there are other instruments used to collect data’and specimens for oceanographic 
and other studies. 

The sea water thermograph is an instrument designed to make a continuous auto- 

matic record of surface water temperatures, which data are principally valuable in 

meteorological studies. The instrument is made with either a bulb-and-capillary or 
resistance-type temperature element which is inserted into the condenser intake pipe 

or the keel of a vessel and is connected with a recording mechanism consisting of a 
clock-driven drum on which a graph paper is placed. 

Ocean currents and the circulation of ocean waters are generally studied indirectly 
by using computed densities, since masses of water moving along more or less well- 

defined courses tend to retain their physical and chemical properties. If the vertical 
distribution of temperature and salinity is accurately known at two positions, compu- 
tations may be made for the various depths from which the velocity and direction 
of the current may be mapped. 

Ocean currents are also studied from direct measurements made with current 
meters. There are numerous meters suited to various conditions, which record the 
velocity by either an electric or a photographic mechanism and which utilize various 

methods to obtain the directions of the current from a magnetic compass needle. 
Direct current observations are made from vessels anchored at sea in great depths. 

Biological studies are made of plankton collected with instruments of three general 
types. Silk townets for horizontal and vertical tows are generally used to collect speci- 
mens. The closing type of townet is devised so that a messenger operates a releasing 

device which closes the mouth of the net. The use of a closing net improves quantita- 
tive determinations. Water bottles of large capacity, similar in construction to those 

described in 474, are used to trap a considerable volume of water from which the plankton 
catch is filtered out after the bottle has been hoisted to the surface. Definite quantita- 
tive determinations result from their use, although the catch is very small. The 
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Pettersson plankton pump contains a small silk net through which water is forced by 
means of a propeller type of pump. The pump is operated by gravity, a lead weight 
unreeling a length of cable wound around the propeller shaft. The action of the pump 
is started by a messenger, a butterfly valve closing the intake when the pump is not in 
operation. 

For deep-sea dredging, special buckets of various sizes are made to be dragged along 
the bottom to collect samples of the bottom material. The largest dredging buckets are 
heavy and require special power equipment to raise them from the bottom. 

48. DRAFTING INSTRUMENTS 

Small drafting instruments, the most important of which are shown in figure 91, 
are an essential part of the equipment of every hydrographic party. Because of their 
importance both to the hydrographer and to the draftsman, the necessity of taking 
proper care of them cannot be overemphasized. ‘To use them with maximum speed 
and accuracy, they must be kept scrupulously clean, free from rust and corrosion, and 
in the best possible repair. 

On board ship small instruments are particularly apt to receive harsh treatment. 
The rolling of the ship, the salt air, and the fact that different persons must use the same 
instruments, are contributory to the likelihood of their damage or deterioration. It is 
not enough to require that everyone using a drafting instrument clean it and replace it in 

its proper container. Their custody should be entrusted to a responsible officer who 
should see that instructions for their care are strictly complied with and that they are 
kept in a locked compartment in the ship’s drafting room when not in actual use. 

As protection from possible damage when the ship rolls, each instrument should 
be kept in its separate case, if one is furnished. For small instruments such as ordinary 
dividers, ruling pens, etc., a cigar box makes an excellent container. 

Ruling pens and other instruments in which ink is used should be wiped clean after 
each use. All drafting instruments should be periodically cleaned to remove rust and 
corrosion, and a light film of oil should be applied with a soft cloth. Dividers and ruling 
pens that have become dull should be sharpened on a fine oilstone. When a draftsman 
at a field office or on board ship needs to use the same instruments for a considerable 
length of time, they should be issued to him and he should be held reponsible for their 
care and accountable for damage caused by his neglect. 

481. DivipERS 

Dividers are valuable accessories in measuring distances, determining speed, and 
spacing sounding lines. In the construction and plotting of hydrographic sheets their 

use is indispensable. 
Dividers should be adjusted so that they may be set as desired without undue 

friction; they should not be so rigid that their manipulation is difficult, nor so loose that 
they will not retain their setting. The points should be straight and free from burs, 
and should be kept sharpened to a fine tapering end that will make a small round 

puncture in the surface of paper. 
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4811. Ordinary Dividers 

The type of ordinary dividers to be used in plotting hydrographic sheets depends 
on the distance to be measured. 

For distances less than about 2 centimeters, the 34-inch bow-spring dividers are 
most convenient. This type is constructed from a single piece of spring steel, the ends 
of which are tapered to form the points. The dividers are sprung so that unscrewing 

a thumb nut on a threaded spindle connecting the legs increases the distance between 
the points. The distance is shortened by taking up on the thumb nut. In making 
large changes in setting, the legs should be compressed with the fingers, while the thumb 
nut is being set. This ensures minimum wear on the threads and speeds the operation. 
As the instrument is made of spring steel, the points are fragile and unless used carefully 
are apt to be broken near the ends. 

For measuring distances greater than 2 centimeters, 6-inch hairspring dividers 
(D in fig. 91) are generally used. These are made of two separate legs of stainless steel, 
held together by a pivot-joint assembly which provides the proper friction for smooth 
manipulation by means of a small screw and locknut on each side. One leg of the di- 
viders is fitted with a spring and thumbscrew, providing a slow-motion adjustment 
of about 9 millimeters in setting the distance between the points. 

Hairspring dividers are set for the correct friction by skilled instrument makers 

and it is inadvisable for the field party to attempt adjustments. A special wrench is 
needed which is not ordinarily available in the field. The use of other tools will usually 
mar the pivot screws and will seldom accomplish the correct adjustment. When 
dividers become loose or unserviceable they should be returned to the Washington 
Office for repairs. 

Divider points that have become dull or uneven in length may be sharpened or 
made even by grinding on a hard oilstone. The points should first be made of even 
length by placing the legs together and grinding them lightly back and forth against 

the oilstone, while holding the dividers vertically. Each point should then be sharpened 
by whetting the outside of it back and forth, at the same time giving the leg a rotary 

motion by turning it with the fingers. The inside of the leg should remain flat and should 
not be ground. Neither should any part of the outside of the point be ground so that 
a flat surface will result. When the shape of the point is nearly correct, great care is 

necessary to avoid shortening the length of the leg. Dividers with points that are 
bent or badly damaged should be returned to the Washington Office. 

The hydrographer should take special steps to protect his dividers. They should 
never be used for such purposes as removing corks from bottles or for marking celluloid 
or metal. Dividers should always be secured on a plotting table on board vessels, 
especially launches, so they cannot roll off the table. The points of dividers may be 
protected by sticking them into a small piece of soft rubber eraser, or cork; this is 

also advisable when carrying dividers in the pocket. 

4812. Proportional Dividers 

Proportional dividers (F in fig. 91) are instruments used chiefly to transfer details 
between sheets of different scales. They consist of two legs of equal length, pointed 
at each end and held together by a movable pivot. By varying the position of the 
pivot, the lengths of the legs on opposite sides of the pivot may be adjusted so that 
the ratio between them is equal to the ratio between the scales of the two sheets. 
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Hence, a distance spanned by the points of one set of legs has the same relation to the 
distance spanned by the points of the other set as the scale of one sheet has to the 
scale of the other sheet. 

A thumb nut moves the pivot in a rack-and-gear arrangement. When the desired 

setting is reached, a thumb-nut clamp on the opposite side of the instrument locks 

the pivot in place. A scale and vernier are provided on one leg to facilitate accurate 
setting. The dividers may be set by reference to the table of settings which is furnished 
with each pair; they will accommodate varying ranges of scales up to 1 to 11.5. 

For use on hydrographic sheets the dividers must be set by test to the exact ratio. 

The table of settings may be used for an approximate setting but further adjustments 

will usually be found necessary to take into account distortion in the sheets. The cor- 
rect adjustment is usually reached by trial and error between corresponding projection 
lines on the two sheets. When the correct setting has been obtained it should be read 
from the scale and recorded for future use. > 

The points of the dividers are of hardened steel and if handled carefully will retain 
their sharpness during long use. If damaged they may be sharpened and adjusted 
without affecting the accuracy of the instrument, but the table of settings will no 

longer be exact. 
4813. Spacing Dividers 

Spacing dividers (/ in fig. 91) are specially constructed with multiple legs arranged 
so as to subdivide the total distance spanned into a number of equal parts and are used 

by the Coast and Geodetic Survey particularly for spacing soundings between positions 
on the smooth sheet. The size most frequently used is about 6 inches long and contains 

11 points numbered consecutively from 0 to 10. With these dividers distances up to 9 
inches may be divided into 10 equal intervals. 

Spacing dividers should not be handled roughly and particular care must be taken 

to ensure that the points are not injured or bent. Should the pivot become too loose 

or too tight the instrument should be returned to the Washington Office for repairs. 
To plot equally spaced soundings on the hydrographic sheet, the space between 

successive positions is subdivided by placing the zero point of the dividers on the 

first plotted position and the numbered point corresponding to the number of 

intervals desired on the next position. The sheet is touched lightly with pencil at 
each intermediate point to indicate the position of each sounding. 

If the smallest interval obtainable with the dividers is greater than the distance 

between adjacent soundings, the positions of every second or third sounding may be 

located with the dividers and those of the intermediate soundings estimated. 
Where soundings are not equally spaced or where positions are not obtained exactly 

on the minute, the dividers should be set to account for the elapsed time between posi- 
tions rather than for the number of soundings. The soundings may then be plotted 
by the time interval from the first position. 

For example, if a position was taken at 9:01 and the next at 9:0514, the elapsed time of 414 minutes should be set on the dividers 

by placing the point numbered zero on the first plotted position and adjusting the dividers until the second plotted position falls half- 

way between points 4and 5. Ifsoundings were taken at 9:02, 9:03, and 9:04, the divider points numbered 1, 2, and 3 will indicate their 

positions. Ifasounding was at 9:04:15, a dot placed at one-fourth the space between points 3 and 4 will indicate the correct location 

of the sounding. Ifa position was taken on a half-minute and soundings were taken on whole minutes thereafter, the dividers are 

first spaced as above to account for the elapsed time between positions, then moved back one-half space so that point number 1 on the 

dividers will indicate the position of the first sounding. Ifthescale of the sheet is large and a 1-minute interval is too long to be spanned 

by adjacent points, the dividers may be set to intervals of 30 seconds or 15 seconds and the same general method used. 
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Spacing dividers may be used to obtain quickly and accurately a vessel’s rate of 
speed. Knowing the elapsed time between positions, the dividers are set to indicate 
minute intervals as described above. On a nautical mile scale constructed for the scale 

of the sheet, the distance spanned between the zero point of the dividers and point 
number 6 will give the distance traveled in 6 minutes. This distance multiplied by 10 
will give the speed of the vessel in knots. 

4814. Beam Compass 

The beam compass (J in fig. 91) is used to measure distances that are too long to 

be measured accurately with ordinary dividers. It is indispensable in making projec- 
tions in the field and in swinging distance circles and arcs in R.A.R. plotting. A 
beam compass with a short bar is often convenient for use in plotting geographic positions 
by latitude and longitude (see 7411). 

The beam compass consists of a light, inflexible bar of wood, or metal, and two 
compass fixtures which slide on the bar and may be clamped at any desired points. The 

usual beam compass fixtures are made for use with wooden bars. Special fixtures 
are made to fit tubular metal bars. 

It is important that beam compass bars be rigid. They should be made of hard- 
wood and the cross-section shape should be designed to give maximum rigidity. A bar 
with a T cross section is recommended. Bars are obtainable in lengths from 24 to 60 
inches, in multiples of 6 inches. Extra long bars can be furnished for special purposes. 
(See 3741.) 

Beam compass fixtures are constructed of metal and are designed to slide along the 
bar guided by the small lip on its edge. A thumbscrew on the side of the fixture working 
against a small bearing plate provides the means for keeping the fixture alined on the 
bar and for clamping it in place. Each fixture is provided with a socket into which may 
be fitted a needle point, pencil point, or ruling pen. One fixture of each pair is fitted 
with a screw device which works against a spring, providing the point with a slow 

motion parallel to the bar. 
It will be found convenient to assemble the fixtures on the bar so that the thumb 

screw on the clamping device of each fixture is toward the user, with the slow-motion 
fixture to the right. In use, the fixture with the fixed point should be kept clamped on 

the bar while the slow-motion fixture is moved until it is at the approximate distance, 
where it is clamped. The final adjustment is then made with the slow-motion thumb- 
screw. The bar should be held lightly but firmly and no force should be applied that 
might tend to bend it. 

The fixtures are furnished in a felt-lined case and they should be kept in the case 
when not in use. 

‘482. ScALES 

Scales used by the Coast and Geodetic Survey for constructing projections and for 
plotting stations or distances on hydrographic sheets are graduated in the metric system. 

The standard scale for these purposes is the meter bar, which is made of German 
silver and graduated by machine with great precision. 

Scales for special purposes may be constructed by the field party or will be furnished 
by the Washington Office upon requisition. Those prepared in the Office are usually 
made by photographic reproduction and may be furnished on aluminum or glass; or on 

plain, transparent, or metal-mounted paper if only for temporary use. 
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A model for a special-purpose scale to be reproduced at the Washington Office 
should be prepared with great accuracy by the field party on bleached aluminum, metal- 
mounted paper, or smooth-sheet paper. As the scale will be reproduced photographi- 
cally, it is preferable that the model be prepared at an enlarged scale and that the 
exact size to which it is to be reduced be accurately indicated. 

Special-purpose scales may often be used to speed the operations of plotting or 
scaling and in such cases their use is recommended. 

4821. Meter Bar 

The meter bar (A in fig. 91), so called because its graduated scale is 1 meter in 
length, is the standard scale for all measurements used in constructing projections, 
plotting distance circles, or other operations involving comparatively long distances... It 
is graduated on one side at a scale of 1:10,000, and on the reverse side at a scale of 
1:20,000. The bar may be used for other scales by applying a simple ratio to the distance 
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FIGURE 92.—Metric scale. a=100.0 meters. b=110.0 meters. c=111.0 meters. d=111.5 meters. 

to be scaled. For example, a 10,000-meter distance on a 1:40,000 scale map will equal 
5,000 meters on the 1:20,000 scale of the meter bar; or similarly, 2,500 meters on 
the 1:10,000 scale. 

All meter bars now acquired are tested for accuracy and calibrated by the National 
Bureau of Standards, the allowable error being 0.1 mm for any distance. A copy of the 
calibration test for a bar will usually be found inside the cover of the box in which the 
meter bar is furnished. Older bars, for which there are no data as to accuracy, should 
be carefully verified before use by comparison with a standard of known accuracy. 

In addition to the meter bar, quarter-meter scales (B in fig. 91) and eighth-meter 
scales are available. These are not tested for accuracy, and should be compared with a 
meter bar of known accuracy before use. The quarter-meter scale can also be furnished 
at scales of 1:8,000 and 1:12,000. 

The quarter-meter scale is especially convenient to use for plotting stations or for 

scaling other comparatively short distances. The eighth-meter scale is furnished as 
part of the equipment of a planetable alidade and is usually attached to the straightedge 

of the alidade; separate scales, however, are also available. 
Method of use-—The length of a meter bar is divided into spaces representing 100 

meters each at the scale of the bar (see fig. 92). The width of the bar is divided into 

10 equal spaces by numbered parallel lines. At the left end of the bar one 100-meter 
space is subdivided by 10 parallel diagonal lines in such a way that distances to tenths 

of a meter may be scaled as illustrated. 
In setting a distance on the beam compass or dividers, the point of the leg contain- 

ing the slow-motion screw should be placed on the appropriate 100-meter vertical division 
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line at the proper estimated distance above the bottom horizontal line, and the fixed 
point brought to the approximate setting at the left-hand end of the bar. Holding the 
fixed point in the left hand the slow-motion screw is moved with the right hand until 
the fixed point is felt to engage the groove at the correct point. The compass beam or 
the dividers should always be held parallel to the horizontal lines on the meter bar 
during a setting. 

Care.—Meter bars are expensive instruments which should be carefully handled 
and stored. The finely ruled lines are easily marred by divider points and for this 

reason particular care should be taken to handle the beam compass or dividers lightly. 
Bars should be cleaned occasionally with a soft rag and a nonabrasive metal polish. 
On board ship they should be stored where they will be least exposed to moisture and 
where they will be secure during periods of rough weather. 

4822. Latitude and Longitude Scales 

Latitude and longitude scales (C in fig. 91) are similar in appearance to triangular 
engineer scales and are constructed so that any one of the three edges may be placed 
in close contact with the paper. They are designed particularly for use at scales of 

either 1:10,000 or 1:20,000 and are not especially useful for other scales. Each rule 
contains six scales, one for use in plotting latitude, and five for use in plotting longitude 

at various latitudes. Each scale is slightly longer than 1 minute of are at a scale of 
1:10,000, and is graduated to read to 0.2 second of are and may be estimated to 
0.05 second. Small magnifying glasses are provided which can be attached to the scale 
and slid along the rule to any desired position. 

The scales are designed for plotting or scaling geographic positions by seconds 
without having to convert the seconds into meters. They are used diagonally across 
the projection lines and plotting is performed by a proportional process in which any 

distortion in the paper is automatically compensated for. An experienced operator can 

use these scales somewhat faster than the beam compass or dividers, but the principal 

economy in time occurs when distortion in the paper would make an adjustment of the 

values in meters necessary when plotting with a meter bar. Tests in the Washington 
Office indicate that geographic positions can be plotted with these scales with approxi- 
mately the same accuracy as is attained with the beam compass. 

Points should be plotted adjacent to the edge of the scale by pricking a small hole in 
the paper with a fine needle point. Best results are obtained by tilting the needle 

slightly away from the edge of the scale, so that the needle point and the scale divisions 
are not obscured by the shaft of the needle. 

Method of use—F¥or scaling seconds of latitude of a plotted position, place the 
scale diagonally across the projection so that the latitude edge bisects the station point, 
and the 0- and 60-second marks at the ends of the scale coincide with the lower and 

upper minute lines of latitude. The value in seconds is read directly from the scale. 
A similar procedure is followed for seconds of longitude, except that the edge bearing 

the longitude scale corresponding to the latitude of the locality must be used and the 
ends of the scale, of course, made to coincide with the lines of longitude. 

To plot a position it is necessary to plot the correct latitude twice near the meridians 
east and west of the station, connecting these points with a fine straight line. The 

value in seconds of longitude is then plotted twice near the adjacent parallels and 
connected with a line. The correct position is at the intersection of these two lines. 
Instead of plotting two points for longitude, the scale may be placed diagonally across 
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the sheet so that the ends of the scale coincide with the minutes of longitude and so 
adjusted that the scale crosses the latitude line at the correct position for pricking the 
longitude directly on this line. 

4823. Lockerbie Diagonal Scale 

The Lockerbie scale is designed for scaling geographic positions in meters from 

survey sheets or for checking the plotting of stations. It is made by photographic 

methods in the Washington Office and is provided for a scale of 1:10,000 only. The 
graduations on the underside of a rectangular piece of thin glass are protected by a 
thin layer of transparent lacquer. Tests indicate that distances may be measured 
with this scale with an accuracy of three-quarters of a meter at a scale of 1:10,000. 

The scale is divided vertically into 20 equal spaces of 100 meters each by numbered 
horizontal lines parallel to the bottom edge of the glass. The initial horizontal line is 
actually omitted, but 0.2 mm above and below its place two horizontal lines are ruled 
in order that the projection line may be centered between them. The horizontal lines 
are crossed by 20 vertical lines equally spaced at an arbitrary distance representing 
a 5-unit interval. Every alternate vertical line is numbered beginning with zero at the 
left. Each long rectangle formed by adjacent horizontal lines and the outside vertical 

lines of the scale is accurately divided by a fine diagonal line from the lower left corner 
to the upper right corner. The diagonal line must be very fine so that it may be placed 
on and exactly bisect the station dot, when used in scaling. This arrangement of lines 
serves to subdivide the 100-meter intervals so that, in scaling, distances can be read 

directly to the nearest 5 meters and may be estimated to the nearest half-meter. 
Method of use —The lower edge of the scale is placed against a straightedge near 

the position to be scaled. Both are moved around on the sheet until the parallel below 

the position is exactly between the two horizontal lines at the initial of the vertical 
scale. Holding the straightedge firmly in this position, the scale is slid along it until 
a diagonal line bisects the position dot. The number of horizontal lines above the 
projection line gives the dm. or latitude distance (see 7411) to the nearest hundred 

meters, to which are added the 5-meter intervals, as indicated by the number of 

vertical lines to the left of the position, the meters and half-meters being estimated 

from the adjacent vertical lines. In like manner the scale is centered over the meridian 
and the dp. or longitude distance scaled. 

The Lockerbie scale is most advantageously used on sheets in which there is no 
distortion; otherwise the scaled values must be corrected for the distortion (see 7361). 

4824. R.A.R. Velocity Scale 

The R.A.R. velocity scale (A in fig. 91) is used to convert time of sound travel in 
sea water into horizontal distances at the scale of the survey, thus greatly facilitating 
the plotting of R.A.R. positions. The scale is approximately the same length and width 
as the meter bar. It is divided from right to left into 50 spaces, each representing the 
distance traveled by the sound wave in 1 second of time. A subdivided space at the 
right permits settings to tenths of seconds directly, and to hundredths of seconds by 

estimation. 
From bottom to top the scale is divided by equally spaced horizontal lines, one for 

each velocity of sound from 1,460 meters per second to 1,540 meters per second at 5-meter 
intervals. Each of these lines is, in effect, a separate scale. When using a velocity of 
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even 5 meters, distances are scaled on the appropriate horizontal line; for an intermediate 
velocity, measurements are made at a proportionate distance between lines. 

The scales were formerly inscribed on German silver. They are now made at the 

Washington Office by a lithographic process on strips of grained aluminum, coated with 
transparent varnish to protect the markings, and glued to thin wood paceel They are 

furnished for the same er oely range at scales of 1:40,000, 1:80,000, 1:100,000, and 
1:120,000. 

For scaling and drawing distance arcs, a beam compass is used, the right-hand 
fixture of which is fitted with a chisel-edged pencil and the left-hand fixture with a steel 
point. Distances are scaled horizontally at the point on the vertical scale which repre- 
sents the velocity of sound in the locality. The steel point should be set on the line 
representing the whole number of seconds and the pencil point adjusted to the correct 
distance in tenths and hundredths on the scale at the right. 

The lines marking second intervals may be engraved on the scale if desired by using 
a wedge-point engraving tool guided by a straightedge. This can be done accurately 
only with care and a steady hand. 

4825. R.A.R. Chronograph Scale 

The R.A.R. chronograph scale is used to scale to the nearest hundredth of a second 
the time of an event recorded on the tape of a Gaertner chronograph (6731) on which 

time has been marked in seconds. It is constructed at the Washington Office by photo- 
graphic methods on plate glass. The lines are on the underside of the glass and are 
protected by a thin layer of transparent lacquer. 

The scale has 11 equally spaced converging lines that divide a distance of about 1.5 
cm at the top and about 4cm at the bottom into 10 equal intervals. The middle line is 
parallel with the edge of the glass and is about 8 em long. The converging lines are 

crossed by six equally spaced parallel horizontal lines perpendicular to the- centerline, 
by use of which the scale is held parallel to the record on the chronograph tape when 
in use. 

4826. Graphic Speed Scales 

The rate of speed of a survey vessel, or the distance traveled in a given length of 

time, may be determined quickly and accurately from a speed scale. In hydrographic 
surveying it is especially useful in small-scale offshore surveys controlled by dead 
reckoning or R.A.R. The scale may be drawn on a separate sheet of paper or, prefer- 
ably, on the boat sheet in a space that will not otherwise be used. Two types of 
speed scales are in general use. 

Construction.— One type (fig. 93) is constructed for the scale of the boat sheet, principally for use in the field during the progress of 

the survey. It is usually drawn on the boat sheet with its ordinates and abscissas superposed on the meridian and parallel lines of the 

projection. It is best adapted for use at comparatively small scales. 

To construct this scale, choose a convenient meridian line to represent a speed of 12 knots. Each nautical mile, or minute of lati- 

tude, on this line will equal 5 minutes of time. At an arbitrary distance to the right or left choose another meridian line to represent a 

speed of 6 knots. Each nautical mile on this line will equal 10 minutes of time. The distance between the meridians is subdivided 

into six equal parts by vertical lines drawn to represent the intermediate speeds between 6 and 12 knots. ‘These are intersected by a 

series of diagonal lines representing time in minutes, which are drawn to connect the corresponding points on the two meridians first 

mentioned. 

The scale can be extended in either direction to provide for other speeds, or meridians can be first selected to represent other speeds, 

if the principle of construction described is followed. It is to be noted that the diagonal lines converge at a point representing zero 

speed. It is frequently more convenient to find this point, at a horizontal distance from the first meridian line equal to twice the 

distance between it and the second meridian, and draw the diagonal lines from it to the points representing intervals of time on the 

first meridian. 
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The spaces between the vertical lines representing speeds should be large enough so that tenths of knots may be interpolated by 

estimation and so that none of the diagonal lines intersects them at too acute an angle. " 

A second type of speed scale (fig. 94), used principally by verifiers in the Washington Office, is better adapted for use on surveys of 

larger scales. Its principle is the same, but it is constructed so that the diagonal lines represent the various rates of speed and the 

horizontal scale may be graduated for use at a number of different scales. 
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FIGURE 93.—QGraphic speed scale for field use. ' 

The scale is a grid on which the spacings along the horizontal axis represent distances in meters, the spacings along the vertical 

axis represent minutes of time, and the diagonal lines represent speed in knots. Such a scale is constructed for a selected survey scale, 

e. g., 1:10,000. To construct the grid, lay off along a horizontal line 100-meter distances at the desired scale. At the zero point erect a 

perpendicular and arbitrarily divide it into equally spaced intervals representing minutes of time. Complete the grid by drawing 

vertical and horizontal lines through the points of graduation. The minute intervals may be further subdivided for closer determina- 

tions. 
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FIGURE 94.—Graphic speed scale for office use. 

The diagonal lines may be drawn as follows: Select any speed, e. g., 10 knots. In 3 minutes at 10 knots a vessel travels 4 nautical 

mile or 4 minute of latitude. In the case illustrated, this is 926.5 meters. From this point on the horizontal line representing 3 min- 

utes, for a scale of 1:10,000, draw a diagonal line to the origin. This diagonal line represents a speed of 10 knots. The positions of 

other diagonal lines representing other speeds may be similarly determined, or the distance along any horizontal line from the zero 

vertical line to the diagonal line representing 10 knots may be subdivided into 10 equal parts and these points may be connected with 

the origin of the seale by diagonal lines, each of which will represent its respective speed. 
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Method of use.—Speed scales of both types are used in the same manner. To find 
the speed of a vessel the only information required is the elapsed time between two fixed 
positions and the distance between, which is taken from the boat sheet or smooth sheet 
by dividers. This distance is applied directly to the speed scale, parallel to the appro- 
priate axis, and the speed to tenths of knots is found by interpolation. The reverse 
problem, when the speed is known and the time required to cover a given distance is 
desired, or vice versa, 1s solved with equal facility. The speed at any moment is 

obtained from the two preceding plotted positions, and with that speed the moment 
when the vessel will be at a certain position is easily determined. 

4827. Log-factor Scale 

The log factor, expressed as a ratio which is the true distance divided by the log 
distance, may be quickly determined from a log-factor scale, which is simply a propor- 
tional diagram constructed for the scale of the survey sheet. This type of scale is used 
extensively in plotting dead reckoning during hydrographic surveys controlled by 
R.A.R. or astronomic observations. It is also used in making the dead-reckoning plots 

used in plotting R.A.R. smooth sheets. (For calibration of logs, see 4454.) 

Construction.—To construct a log-factor scale draw two lines at right angles to each other and let the horizontal line represent a log 

factor of 1.0, the vertical line being merely a construction line. Draw other equally spaced horizontal lines, parallel to the first, to rep- 

resent the probable range of factors to be used, as in figure 95 from 0.7 to1.2. The spacing should be sufficient, about three-fourths of an 

inch, so that hundredths may be easily interpolated. On the horizontal line first drawn, representing a log factor of 1.0 lay off to the 

right and left of the vertical line distances of 5.5 miles at the scale of the survey. Subdivide the total distance into 11 equal parts, each 

equal to1 mile. The upper and lower horizontal lines are similarly subdivided except that the equal intervals are miles multiplied by 

the respective factors; in the figure each subdivision on the lower line is equal to 1.2 nautical miles and each on the upper is equal to 0.7 

nautical mile. 

fj) 

FIGURE 95.—Log-factor scale. 
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The corresponding points on the upper and lower horizontal lines are connected by diagonal lines which should pass through the 

corresponding points on the horizontal line representing a 1.0 log factor. Leaving the diagonal line farthest to the left unnumbered, 

the remaining lines are numbered toward the right from 0 to 10. The interval to the left of the zero line is subdivided into 10 equal 

parts to represent tenths, and from this hundredths can be interpolated. 

The scale is constructed in a fan shape to avoid acute intersections with the horizontal lines. 

Method of use.—To find the log factor at any time the true distance between two 
fixed positions is taken off the survey sheet with dividers. This interval on the dividers, 

held parallel to the horizontal lines, is fitted to the scale where it corresponds to the 

distance measured by log between the two fixed positions. Where it fits, the log factor 

is read by interpolating to hundredths. After the log factor is known, log distances 

may be scaled with dividers from the horizontal scale corresponding to the factor deter- 
mined, and plotted directly on the survey sheet. 

When the speed of the vessel is at a constant rate through the water, time intervals 

are frequently used for the same purpose as log distances, and a time-distance scale 
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is needed. It may be constructed to resemble the log-factor scale, except that hori- 

zontal distances on the scale represent elapsed intervals of time run, instead of log 
distances, and the horizontal lines represent various rates of speed, instead of log factors. 
The rate of speed is determined and distances are taken off the scale in the same manner, 
except the elapsed time between positions is used instead of the log distances. This 

time-distance scale is constructed according to the principle used in constructing the 
first speed scale described in 4826. 

As used in hydrographic surveying, the true distance is the actual distance over 
the ground, and such a log factor not only takes into account the error of the log but also 
the effect of current and wind in the direction of progress. Thus the log factor is con- 
stantly changing. 

4828. R.A.R. Plotting Scale 

The R.A.R. plotting scale is a triangular rule about 20 inches long, similar in appear- 
ance to an engineer scale. It is graduated in seconds of travel time for a velocity of 
sound of 1,460 meters per second, and each rule has six graduated edges for the scales of 
1:40,000, 1:60,000, 1:80,000, 1:100,000, 1:120,000, and 1:200,000. It is for use in 
plotting smooth sheets on which distance circles have been drawn, based on a velocity 
of sound of 1,460 meters per second (see 7341). 

Each second is numbered, except on the 1:200,000 scale where the even seconds 

only are numbered, and each scale carries two series of numbers starting at zero at 
opposite ends, so that either end may be used as an initial. Each scale is completely 
eraduated for its entire length. The scale at 1:40,000 has a graduated length of 14 

seconds, the smallest division being 0.02 second. The 1:200,000 scale has a length of 70 
seconds with a smallest division of 0.1 second. The other scales have proportionate 

lengths in seconds, their smallest intervals having approximately the same linear length. 
To plot an R.A.R. position with the scale the increments or decrements of distance 

in seconds from the nearest distance circles (see 7631c) are plotted normal to the circles. 

The length of the rule facilitates this. In many cases the rule will extend to the plotted 
position of the R.A.R. station itself, but where it does not, its length permits ‘alinement 
by eye accurate enough for all practical purposes. 

483. MIscELLANEOUS DRAFTING INSTRUMENTS 

4831. Straightedges 

Straightedges, usually of stainless steel, are available in lengths from 6 to 72 inches. 
They can be furnished with one edge beveled. 

The fiducial edge of a straightedge must be a truly straight line, and tests to verify 
this should be made prior to use in constructing projections or any operation requiring 
a straight line. To test a straightedge, two fine dots should be pricked on a thick sheet 

of paper at a distance apart slightly less than the length of the straightedge. The 
fiducial edge of the straightedge is accurately centered through these two dots and a fine 
pencil line is carefully drawn along it with a chisel-edged pencil. The pencil should be 
held firmly against the edge at a constant angle with the paper. The straightedge is 
then turned end for end and again centered through the pricked points. If the fiducial 

edge coincides with the pencil line throughout its length, it is straight, unless it happens 
to have a symmetrical reverse curve. A magnifying glass will be found helpful in 
making the test. 
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Straightedges should be cleaned with soap and water. Abrasive materials should 
never be used as they tend to scatch the surface and make it more susceptible to the 
accumulation of dirt. 

When not in use a straightedge should be kept in a canvas case or other suitable 
container and stored in a place where it will be protected from moisture. 

4832. Opisometer 

The opisometer is a simple instrument designed to measure by revolutions of a small 

wheel continuous linear distances on a map. In hydrographic surveying it is used 
principally to measure distances run by the sounding vessel. The main advantages of 
the opisometer are that distances along curved or irregular lines can be easily measured, 
and that the total of numerous short distances can be measured without measuring the 
separate distances. 

Two types of opisometers are in use at the present time, both being adaptations of 
the principle of the odometer, by which horizontal distances on the ground are measured 
by the revolutions of a wheel equipped with a counter. 

The type of opisometer most generally used (G@ in fig. 91) was first made by the 
Instrument Division of the Coast and Geodetic Survey prior to 1895. It is simply a 
small wheel, with a knurled rim, that is threaded on a small rod with stops on each end. 
The wheel is mounted in a fork and held in place by means of the threaded rod along 
which it moves laterally between stops, when rolled over a surface. .One side of the 

opisometer has a pointer, which extends almost to the outer diameter of the wheel, by 
which accurate settings are made. 

To measure miles of sounding line with the opisometer, the wheel is revolved until 

it brings up against one of the stops. ‘The pointer of the opisometer is placed over the 

first position of the line to be measured and the wheel is placed in contact with the paper. 

The wheel is run along the line, maintaining the same direction of rotation even when 

turns occur in the line or when the total of a number of unconnected lines is measured. 
After the total has been traced, the distance is found by running the wheel in reverse 
along a graduated scale until it is at its original position in the fork; or, on a hydrographic 
sheet, along a meridian line counting the number of parallels crossed, which will give 

the distance in nautical miles, the fractional remainder being measured by spacing 
dividers. In the latter case the distance is reduced to statute miles by multiplying 

by 1.15, the resulting data being entered in the Sounding Record. 

4833. Map Measure 

Another and more elaborate opisometer made commercially is known as a map 

measure (see H in fig. 91). Its principle is the same, but it is calibrated and registers 
distances by a pointer revolving around a dial contaming two concentric circular scales, 
the inner graduated in centimeters to 99 centimeters, and the outer graduated in half- 
inch intervals to 39 inches. The dial is about 1% inches in diameter and is similar in 
appearance to a small watch. The instrument has a swivel handle. Below the dial 
a housing contains the very small diameter smooth-rimmed measuring wheel. This 
wheel is connected by gears to the pointer so that correct linear distances will be indi- 
cated on the graduated scales when the wheel is revolved over a surface. The swivel 
handle is attached at an angle of about 15° so that the wheel will always be revolved 
in the same direction and cause the pointer to travel in a clockwise direction. 
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The map measure has several advantages over the more common opisometer. 
Its measuring wheel is only \ inch in diameter so that very irregular lines may be easily 

followed; it has a very free movement, so that it never slips; its movement is endless, 

so there is no risk of its striking a stop suddenly; and it contains a scale. 
Distances on maps or sheets may be measured with the map measure as with the 

older type of opisometer except that the centimeters or inches measured on the paper 
may be read directly from the graduated scale and converted into statute or nautical 
miles by the use of a factor. If the scale has been calibrated correctly—and this should 
be verified before use—the registered distance in centimeters may be eomyented for 
various scales by multiplying by the factors in table 11. 

TABLE 11. Map measure conversion table 

[Multiply distances on map in centimeters by the factors for various scales to obtain statute or nautical miles.] 

Seale of survey} Statute miles | Nautical miles || Scale of survey | Statute miles | Nautical miles 

ep OOOws =. =. 0. 03108 0. 02698 |} 1:60,000_______ 0. 37290 0. 32380 
MF OROOOE: 22222 . 06215 1OD397 4" SOO0Oee see . 49720 . 43173 
122000025. 2 . 12430 OOS. teLOO OOO! 22 2 - . 62150 . 53966 
1:40,000_____-_- . 24860 V2LOSt || Lel2Z0;0002222 5 . 74580 . 64760 

4834. Lettering Sets 

Two types of mechanical lettermg sets, manufactured under the trade names of 
Wrico and Leroy, are furnished to hydrographic parties. Each type has its particular 
advantages. 

With the Wrico set, letters and numerals, both vertical and slanting, are drawn 
with a special pen through perforations in celluloid templates. A separate template is 
furnished for each style and size of lettering. Some letters can 
be drawn irom a single setting of a template, but others 
require two settings for completion. A spacing device on 
one end of the template assures the correct placement of the ys 
individual strokes of a letter as well as the correct spacing  / 
between letters. The pen has a stylus point with ink reser- 
voir, and is provided with a plunger to unclog the point. Ail ———— 

While the pen is in use the plunger is raised free of the orifice. | 2am he S aciniiee 
Various-sized pens are furnished for letters of different Ficure 96.—Triangulation station 
thickness. symbol for Leroy template. 

The Leroy set consists of templates with deeply grooved letters and numerals, and 
a special adjustable three-legged scriber. One leg of the scriber follows the grooved 
letters, a second leg follows a horizontal groove on the template, thus keeping the 
lettering alined, and the third leg supports a stylus, with which the letters are drawn, 
and a plunger. As with the Wrico set, pens of various sizes are furnished. A pencil 
point attachment is also furnished for the scribing arm. 

Special symbols may be cut in both types of templates. For example, to adapt 
the Wrico template for inking triangulation station symbols, a simple equilateral 

triangle is cut in it; in the Leroy template the guiding triangle is cut through the first 
lamination but in the shape illustrated in figure 96. A buoy symbol can be made 
in a similar manner. 
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After use the pen and its reservoir should be thoroughly cleaned so that ink will 
not harden in the fine orifice. Cleaning fluids are manufactured for both types of pens. 
Alcohol may be used to advantage before the ink has begun to harden but it is not 
effective in dissolving hardened ink. 

Lettering sets are furnished to survey parties with templates and pens suitable for 

use on hydrographic sheets (see 7231). The Leroy set has the advantage of permitting 
the draftsman to see the letters better while they are being drawn. Also, a graduated 

scale on the lower edge of this set facilitates the centering of titles. Faster progress, 
however, is possible with the Wrico set after the draftsman has developed facility in 
its use. 

4835. Paperweights 

Iron paperweights covered with thin leather are obtainable in 1- and 2-pound sizes by 
requisition on Form lla. After considerable use the leather becomes worn, exposing 
the metal which will leave marks on the paper on which it is placed. Weights in this 
condition must not be used on smooth sheets until they have been re-covered. Light 
weight canvas is a convenient material for this purpose. 

An excellent weight may be made by nearly filling a pliable leather or heavy chamois 
bag with lead shot. The bag should contain about 3 pounds of shot and be securely 
sewed on all sides. A weight of this type stays in place better than an iron weight and 
is especially serviceable when the survey vessel is rolling. 

484. PENS 

Pen points used in drafting and lettermg and drawing inks are discussed briefly in 

725 and 726. 
4841. Drop Bow Pen 

The drop bow pen is the most convenient instrument for drawing small circles in 
ink. It consists of a ruling pen which pivots around a pointed center rod. It may be 
adjusted by thumbscrew for circles of various diameters. The width of the ink line 
may also be varied. 

On survey sheets, station symbols and all other circles of small diameter are inked 
with this pen. 

4842. Ruling Pens 

Ruling pens are used for inking straight lines of even thickness. Those furnished 

to hydrographic parties are of good quality carbon or stainless steel, usually 6 inches in 
length with solid blades, one of which springs away from the other when not held 
closed by a thumbserew. Pens with such blades have been found to hold their setting 
better than those with one blade hinged. Adjustment for any desired thickness 
of line is made by the thumbscrew. It is important that ruling pens be thoroughly 

cleaned after use. 
4843. To Sharpen a Ruling Pen 

A ruling pen that has become dull may be sharpened on a fine oilstone if extreme 
care is used. To restore the nibs to their original parabolic shape, the blades should 
be brought into light contact, the pen held in a vertical plane and whetted with a back- 
and-forth motion through an angle of about 120°. To sharpen the pen, the outside 
surface of each nib is held nearly flat on the surface of the oilstone and whetted with a 
rotary motion to conform to the shape of the nib, care being taken not to alter the para- 
bolic shape of the ends. The edges should not be too sharp or they will cut the paper. 
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The bur should be removed from the inside of the blades by using a piece of leather or 

emery paper. 
A method of sharpening ruling pens which requires less skill utilizes emery paper 

as the abrasive. Emery paper of fine grit such as Norton’s 4W4 polishing paper 2/0, 

or a fine grade of crocus paper, is placed on a base of sponge rubber or a towel folded 
several times. The ends are shaped on the emery surface as described in the preceding 
paragraph. The nibs are then opened and the back of each one in turn is placed at 
an acute angle in full contact with the surface of the emery paper (fig. 97). The pen 
is repeatedly drawn over the surface of the 
emery paper, always in a direction toward the 
handle of the pen, with sufficient downward 
pressure so that the paper will be depressed 
into a channel, fitting the contour of the nibs. 

The pen should be held firmly and prevented 
from turning, so that the edges of the nibs are 

in equal contact with the paper. After the 

desired sharpness has been obtained the inside 
surface of the nibs should be ground lightly ai the emery paper to remove any burs 
that may have been formed. This method is of, particular value in maintaining ruling 
pens in good condition. 

Direction of Stroke 
tr 

Folded Towel 
or Sponge Rubber Fine Emery Paper 

FIGURE 97.—Method of sharpening a ruling pen. 

485. OTHER DRAFTING INSTRUMENTS 

Other drafting instruments, which are not always required but which are peculiarly 
useful under special circumstances, are described under this heading. 

4851. Drafting Machine 

The universal drafting machine combines the functions of a parallel ruler, simple 
protractor, and scale. It is constructed so that a protractor head may be moved over 

the surface of a drafting table without change in orientation by means of a parallel- 
motion linkage consisting of two sets of double bars. The type in which the linkage 
is provided by two steel bands working against one another is superior to that with 
pin-joint linkage, because there is less lost motion. The protractor head is a complete 
circle, graduated in degrees, to which a straightedge is attached which may be clamped 
at any desired angle. Two straightedges at right angles to each other may be attached 
to the head. 

Any drafting operation requiring straight parallel lines and not too precise an 
accuracy may be performed advantageously with the universal drafting machine. 
Bearings, a ship’s dead reckoning, or the dead reckoning of a sounding line may be con- 
veniently plotted with it, as well as any navigation line of position. The protractor 
will retain its orientation accurately enough for such use. Changes in course and direc- 
tion may be plotted by changing the setting of the straightedge on the graduated circle. 
In the case of an astronomic line of position one straightedge may be set on the azimuth 
of the celestial body and the line of position plotted along the other straightedge, at 
right angles, after it has been transferred along the course to any desired position. 
The instrument is particularly useful in hydrographic surveying for plotting the bearings 
and the dead reckoning ‘n connection with R.A.R. control. 

465382—44—_29 
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4852. Erasing M achine 

An electric erasing machine is of particular value in making small erasures on 
hydrographic sheets, especially where it is necessary to remove inked detail from small 
confined areas, since a single sounding or number may be erased without disturbing 

adjacent detail. It may also be used, if necessary, to remove extensive inking from 
sheets. 

Erasing machines are manufactured by a number of commercial firms and vary 
in type from an elaborate assembly of electric motor and stand with foot rheostat 
speed control and flexible cable to which the eraser is attached, to a small inexpensive 
electric motor with a screw chuck attached directly to one end of the shaft to hold 
the eraser. The small-type erasing machine is held in the hand and is provided with 

a starting switch on the motor. The machines are made for 110- and 220-volt a-c 
or d-c current. Erasers are made in several different grades: a soft pliable grade for 
erasures of pencil lines and for use on tracing paper, a medium soft grade for pencil 

or light ink lines on thin drawing paper, and a hard abrasive grade for heavy ink lines 

on heavy paper. 
The effectiveness of an erasing machine is proportional to the speed of rotation of 

the eraser and does not depend so much on the pressure applied to the paper. Pre- 
caution is necessary to avoid wearing a hole through the paper. The correct technique 
is to move the end of the rotating eraser lightly back and forth or around the surface 
to be erased. The abrasive eraser should be used with extreme caution and only as a 
last resort after a softer grade has failed to remove the ink. 

4853. Pantograph 

A pantograph is an instrument designed to reduce or enlarge maps or drawings to 

any desired scale. Its construction is based on the principle of similar parallelograms, 
the essential condition of its design being that three points, one a fixed pivot and the 
other two movable tracing points, must be in perfect alinement, and each point must 

be on one of three different sides (or sides produced) of a jointed parallelogram. 
The ratio of the reduction or enlargement from the original is then equal to the ratio 
of the distances of the movable points from the fixed pivot. 

Pantographs vary from an expensive suspended precision type of all-metal con- 
struction to an inexpensive instrument of four wooden bars fitted with metal joints. 
Its principal use in the Coast and Geodetic Survey is in the reduction of topographic 
and hydrographic surveys. The instruments used in the Washington Office are of the 
precision type with three of the four metal bars graduated. Different scale settings 
are made by moving the graduated cross bar identical amounts on its supporting arms 
with a corresponding movement of the tracing point support on that bar. 

To make reductions, the original is traced with the point farther from the pivot, 
the nearer point following its movement to draw a reduced replica of the original. For 
use in chart construction the reductions made in the Washington Office are carbon 
impressions on transparent paper. A carbon paper is placed, carbon side up, beneath 
the transparent paper and as the metal point on the cross bar moves, the reduced 
detail is impressed on the underside of the transparent paper. The detail is then 
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transferred to the map or chart by fitting the impression in place and burnishing the 

detail. 

The setting for a pantograph to be used in making a reduction may be found from the formula, 

s= ox<f 

a 

in which S is the setting for the three graduated arms, a is the distance, measured with any convenient scale, between any two points 

on the original to be reduced, 6 is the distance between the same two points at the required reduction, measured with the same scale, 

and f is the factor of the pantograph, which is 960 for most of those used by the Coast and Geodetic Survey. The use of the panto- 

graph for reduction is limited to a ratio of about 1 to 20, or a setting on the arms of 48.0. For smaller ratios two reductions are required, 

in which case the first should be made at a ratio of about 1 to 4 and the second at a ratio chosen so that the product of the two ratios 

will be equal to the total reduction desired. 

4854. Projector 

A projector is an instrument by means of which the image of one survey may be 
projected through a lens onto another survey sheet at a different scale. Projectors vary 
from simple assemblies to elaborate commercially, manufactured instruments. They 
are not generally used on board survey ships because the limited vertical space is not 
sufficient and the projectors in common use require a firm foundation. They are 
especially valuable in the Washington Office and in field plotting offices. 

The simplest projector is one in which the detail on a transparent sheet is projected 
vertically downward through a bellows-and-lens assembly at varying scales. 

The projector in general use in the Coast and Geodetic Survey is designed so that 
detail may be transferred, by means of a reflected image, from opaque as well as trans- 

parent sheets. It consists of a stationary lower horizontal table and a movable upper 
assembly containing a vertical table, the bellows and lens, the lights, and a front- 

surface mirror inclined at an angle of 45° to both tables. The lens and bellows are 

mounted under the light-tight box directly below the mirror so that the projected 
image will appear approximately in the center of the lower table. The vertical 
distance between the lower table and the upper assembly, and the distance between 

the lens and the mirror, may be varied by suitable attachments. The arrangement 
of the lens and the mirror with respect to the two tables results in the projection of a 

direct image of the subject onto the lower table, thus permitting the ready transfer 
of the detail. 

In use, the sheet contaming the detail to be transferred is attached to the upper 

table, and the sheet to which it is to be transferred is placed on the lower table. The 

lower sheet is oriented to fit the upper sheet and the reflected image of the upper sheet is 

brought to the scale of the lower one by means of a vertical movement of the upper as- 
sembly and a separate vertical movement of the lens with reference to the mirror. The 
correct setting is determined visually. When the projected detail is in scale agreement 
with the lower sheet and the projected image is in sharp and clear focus a perfect setting 
has been attained. 

A projector should be tested occasionally to make certain that the plane of the. 
upper table is accurately projected to the plane of the lower table. This is done by 
placing a square grid on the upper table and projecting it to an identical square grid on 

the lower table at a ratio of 1 to 1. If the projected image coincides on all sides, the 
projector is in adjustment. If perfect coincidence is not obtained, the upper table or 

mirror should be adjusted by means of the attachments provided for that purpose. 
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486. REQUISITIONS FOR DRAFTING MATERIALS 

Drafting materials needed by hydrographic parties and field plotting offices are 
furnished from the Washington Office. Requisition should be made on Form 11a for 
items listed on Form 11, Cataleg of Forms and Stationery, and by ordinary letter for 

other items. When requisition is by letter, it must contain no other subject matter. 

The type and size, as well as the quantity, of the items desired must be clearly indicated. 
The following items should be requisitioned on Form 11a: 

Drawing paper, boat sheet, buff (specify width) Penholders 

Erasers Protractors, paper 

Ink, drawing Shields, erasing 

Paperweights Thumbtacks 

Pen points Tracing cloth 

Pencils, drawing Tracing paper 

Pencil pointers, emery 

The following items should be requisitioned by letter: j 

Aluminum plates, grained or painted Ink, celluloid 

Celluloid protractors, circular Pen points, special 

Celluloid protractors, semicircular Rubber cement, nonvulcanizing 

Celluloid sheets Seotch tape (cellulose or masking) 

Drawing paper, aluminum-mounted Tracing paper or cloth, special grades 

Drawing paper, smooth sheet, white (specify kind and width) Triangles, celluloid 

French curves 
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CHAPTER 5. ECHO SOUNDING 

51. GENERAL STATEMENT 

511. PrinctepLes oF Ecuo SOUNDING 

Echo sounding is a method of measuring the depth of water by determining the time 
required for sound waves to travel, at a known velocity, from a point near the surface 

of the water to the bottom and return. Everyone is familiar with echoes in air and 
realizes that they are caused by reflections of sound from some distant object back to the 
listener. If the time is measured between the production of a sound and the reception 
of its echo, the distance to the reflecting surface may be determined by multiplying 
one-half the time interval by the velocity of sound in air. Since the time interval is a 
measure of the entire journey, only half the interval is used to find the distance to the 
reflecting object. 

The same principles are applied in measuring water depths by echo sounding. A 
sound is produced in the water near the surface; it travels to the bottom, from which it is 

reflected back to the surface as an echo. Echo-sounding equipment is designed to 
produce the sound, receive and amplify the echo, measure the intervening time interval, 

and convert this interval automatically into units of depth measurement, such as feet, 
fathoms, or meters. 

It is common knowledge that echoes in air can be heard only in certain localities, 
and can be heard better under certain favorable conditions. This is because a surface, 
well shaped to reflect the sound, is required at not too great a distance and conditions 
must be favorable for transmission of the sound, so that it will not be attenuated to such 
a degree that it cannot be heard. It is fortunate for echo sounding that echoes are much 
less difficult to obtain from the ocean bottom than they are from objectsin air. There 
are several reasons for this: first, there is always a reflecting surface, the sea bottom, that 
generally acts as a good reflector of sound; second, sound in water is not subject to as 
much absorption or to such large variations of attenuation as sound in air and, because 
of less absorption, sound in water will travel many times as far with reference to the 
point of origin as sound of the same initial intensity will in air; and last, water possesses 

characteristics favorable to echo sounding, such as a reasonably constant velocity of 
sound. 

Continuing the comparison of echo soundings with the more familiar case of echoes 
in air, it is well known that an echo follows immediately after the original sound if the 
reflecting surface is near, and in order for the echo to be heard, the original sound 
must be of very short duration. In the case of echo sounding this condition is aggra- 
vated, for sound in water travels more than four times as fast as it does in air. Because 

of this higher velocity the sound signals used for echo sounding in shoal water must be 
of extremely short duration. 

Sound is a disturbance that is propagated through an elastic medium by means of the 
condensation and rarefaction of the medium, the velocity of propagation depending on 
certain physical characteristics of the medium. Sounds in water are produced with 
approximately the same ease and by the same methods as sounds in air are produced. 
Most modern echo-sounding instruments generate sound in the water by means of a 
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vibrating surface in contact with the water. This is commonly known as an oscillator, 
or transmitting unit. The surface, or diaphragm, may be made to vibrate by either 

electric or mechanical means. The alternate condensation and rarefaction of the 
water produced by the vibrating surface are transmitted to the adjacent layers of water, 
and the sound wave travels away from its source at a velocity of approximately 4,900 
feet per second. The transmitting unit has an effect in water similar to that of a radio 

loudspeaker in air. 
Echo-sounding instruments employ a receiving device, whose function is similar to 

that of a telephone transmitter, to detect the echo. This device is referred to as the 
receiving unit, or sometimes a hydrophone. The receiving unit is immersed in the water 

in a favorable position to receive the echo, and it converts the sound energy into electric 
energy. As this electric energy is very small it must be amplified by means of a vacuum- 

tube amplifier. 
The accuracy of echo soundings is directly dependent on a knowledge of the velocity 

of sound and on the precision with which the travel time of the sound can be measured. 

Numerous devices of varying precision are utilized to measure the travel time. They 
constitute timing parts that operate in conjunction with the registering device of the 

instrument. 
Although echo soundings are primarily measurements of the time required for the 

sound to travel from the surface of the water to the bottom and return, the time units 

must be converted into depth units to be of practical use. That part of the echo-sound- 

ing equipment that measures the time interval in terms of depth is known as the register- 
ing device. It may record the echo graphically or indicate it visually. The function of 
the registering device is to control the timing of the original sound with reference to a 

depth scale and to register the receipt of the echo on the same scale, the depth indicated 

corresponding to the elapsed time. 
All types of echo-sounding equipment contain parts, in one form or another, which 

perform these separate functions, all arranged to operate collectively. To illustrate the 

relations between the various parts and the contribution of each to the whole operation, 

a complete sounding cycle is described. A timing mechanism in the instrument, at 

a precise instant, actuates the transmitting unit to emit a sound of short duration in the 
water. This instant is usually near the zero of the depth scale. The sound travels 
downward, is reflected from the ocean bottom, and returns as an echo to be detected 

by the receiving unit, or hydrophone. The electric energy generated in the receiving 

unit by the echo is increased sufficiently by the amplifier to register on the depth scale 

at a point corresponding to the echo-travel time. This process is continuous, the cycle 

of transmitted sounds and received echoes being repeated in rapid succession. 

The range of water depths that can be measured by ccho sounding is practically 
unlimited. Soundings have been taken in depths from a few inches below a trans- 

mitter to the greatest ocean depths (about 6,000 fathoms)—one echo-sounding instru- 
ment is usually incapable of this, as instruments that are designed for accurate soundings 

in shoal water are usually not suitable for soundings in deep water, and vice versa. 
The ease and rapidity with which water depths can be measured by echo sounding, 

for use in navigation or hydrographic surveying, is remarkable as compared with other 

means; and the results obtained with a properly adjusted instrument, if adequately 
corrected, are far more accurate than those obtained by the older methods. Ecbo 
soundings are not subject to the inherent uncontrollable errors and difficulties associated 
with the leadline, wire, and other depth-measuring devices. The deepest echo soundings 
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may be obtained in a few seconds from a vessel proceeding at full speed, in contrast to an 
hour or more that may be required to obtain a wire sounding of similar depth from a 
ship stopped in the water. Echo soundings can be obtained so frequently in shoal water, 
many hundreds per minute with some instruments, that a nearly continuous profile of 
the bottom can be made while the vessel is moving through the water at normal speed. 

Echo-sounding equipment may be employed on vessels ranging in size from a small 
rowboat to the largest ocean-going ship. The equipment is generally permanently 
installed on a vessel, and considered part of the navigation or survey equipment; 
however, portable instruments are sometimes used that can be temporarily installed 
and removed as desired. This latter type of instrument is particularly adapted for use 
on small vessels and launches. 

In this chapter are included detailed descriptions of specific types of echo-sounding 

equipment and their operation, general limitations, classifications, and functions of 
parts, with particular emphasis on those types used in hydrographic surveying by the 
Coast and Geodetic Survey. 

512. History oF Ecuo SouNDING 

The principles of echo sounding were formulated well over a hundred years ago 

and attempts were made shortly thereafter to reduce those ideas to practical application. 
But only in recent years has echo sounding been developed to a stage of practical use- 
fulness. 

History discloses numerous observers who noted the fact that sounds could be 
heard under water, but apparently no one suggested that such sounds might be used for 
the measurement of distance and depth until 1807, when a French physicist, Dominique 
Frangois Jean Arago, made the specific proposal that water depths might be measured 
by utilizing the propagation of sound. Unfortunately, Arago’s ideas remained little 
more than a proposal. In the following years several unsuccessful attempts were made 
to measure depths by sound, but these failed because of lack of proper equipment 

and the meager knowledge of acoustics that existed at that time. Among the 
early experimenters in underwater sound were Colladon and Sturm who in 1827 devised 
a means of measuring horizontal distances and made a fairly good determination of the 

velocity of sound in Lake Geneva. In 1837 Charles Bonnycastle made unsuccessful 
attempts to hear echoes in water and in 1854 the great American navigator and scientist, 

Matthew F. Maury, attempted to obtain echo soundings, by discharging gunpowder 
under water, also without success. Had he listened under the water for the echo his 

experiments might have proved successful. 
It was more than one hundred years after Arago’s proposals that the first actual 

means for obtaining echo soundings was devised. One of the earliest patents based on 

echo-sounding principles was issued to A. F. Eells of the United States in 1907. It is 
not known whether Eells’ equipment was successful, but his conception of echo-sounding 

principles was far ahead of hisday. Dr. Alexander Behm of Germany is given credit by 
many for the first echo soundings. His early experiments consisted in firing cartridges 

in the water and recording the echoes photographically. Much of Behm’s success and 
that of later experimenters can be attributed to the gradual accumulation of knowledge 
in the field of acoustics and related sciences since the time of Arago. 

The sinking of the Titanic in April 1912, by a collision with an iceberg, motivated 
Behm and others to devise methods of preventing similar disasters. Attempts to 
receive echoes from the submerged portions of icebergs led to the development of 
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equipment whose greatest ultimate usefulness was not that originally intended, but in 
obtaining echoes from the ocean bottom. Professor R. A. Fessenden of the United 
States was also stimulated by the Titanic disaster to experiment with echoes in water, 
one of the principal results of which was the development of a powerful oscillator which 

could produce sounds of great intensity in water. He also developed an instrument to 
convert sound travel time to distance. Unfortunately this instrument was never per- 
fected to the full stage of usefulness. A few years later Langevin and Chilowski, of 
France, succeeded in developing supersonic-sounding apparatus beyond the experi- 
mental stage. This was significant because most modern echo-sounding instruments 
utilize sounds of supersonic or near supersonic frequencies. 

World War I was responsible for advanced knowledge of and developments in 
subaqueous acoustics. Large groups of eminent scientists applied their talents to the 
development of submarine-detecting and signaling devices, and numerous other under- 

water sound aids to navigation. During the years immediately after World War I 
there was increased activity in the development and use of echo-sounding equipment, 
the major developments being made by commercial companies and the governments 
of the United States, England, France, and Germany. 

Between the years 1918 and 1925 many important experiments led eventually to 

the practical application of echo sounding for use in navigation and surveying. During 
this period sounding apparatus was being rapidly developed and a knowledge of the 

extent of the usefulness of echo soundings was being acquired as well. Among the 
many important developments and experiments of a practical nature during this 
period, the following are selected as being representative and especially notable, 

although others may be considered of equal importance: 

(1) The application of submarine-listening microphones to echo sounding by the United States 

Navy in 1918. 
(2) In 1919 the French Hydrographic Department obtained echo soundings to a depth of 60 

meters in the Casquets Deep from a ship underway at 10 knots. 
(3) In 1919 soundings in depths of 4,000 meters were obtained in the Bay of Biscay from the 

cable ship Charente. 
(4) The first line of supersonic soundings was run in 1920 by the Centre d’ Etudes de Toulon. 

(5) In 1922 the French Hydrographic Department, using a Marti sonic apparatus, ran a line of 

sonic soundings to explore the depths between Marseilles and Philippeville, preparatory to laying a 

cable between these points. This is claimed to be the first practical application of echo sounding. 

(6) In 1922 a profile of soundings between Gibraltar and Port Said was obtained from the U. S. 

S. Stewart, using the Hayes Sonic Depth Finder developed at the Annapolis Engineering Experiment 

Station of the United States Navy. 
(7) In 1923 an important contribution to echo sounding was made by Dr. Herbert Grove Dorsey 

of the United States, who devised a visual-indicating device for measuring extremely short time inter- 

vals, by which shoal and deep depths could be automatically registered. This method of registration 

is embodied in many of the echo-sounding instruments in use today. 

The period since 1925 has been significant for the refinement of apparatus and 

further development of the theory of acoustics. The application of echo sounding has 
been extended to a range from very shoal to very great depths. The accuracy and 
reliability of echo soundings have been increased by instrumental refinements and a 
more extensive knowledge of the effective: velocity of sound in water. The use of 
thermionic tubes in echo-sounding circuits has made many of the refinements possible. 

Sonic frequencies were used almost exclusively in the early stages of development 
of echo sounding by all except the French. Sonic sound-producing devices, such as 

hammer strikers, explosions, and electromagnetic oscillators, have been employed. 



PaaGe 441 ECHO SOUNDING 513 

But in recent years supersonic frequencies have been increasingly employed in echo- 

sounding equipment, both for navigation and surveying purposes. This has been made 

possible by the theoretical study and practical application of magnetostriction and 
piezoelectric phenomena. 

Important advances have been made in graphic recording, in early use in Europe, 

as a method of registermg echo soundings. This method of registering soundings has 
only recently been adopted for extensive use in the United States. 

Besides its value in hydrographic surveying and navigation, echo sounding has been 

used for such varied purposes as the measurement of tides at sea, the measurement of 

silt deposits on the sea bottom, and the collection of valuable data for geologic and ero- 
sion studies. 

513. History oF EcHo SOUNDING IN THE COAST AND GEODETIC SURVEY 

5131. Sonic Depth Finder 

The first echo-sounding instrument used by the Coast and Geodetic Survey was 

installed on the ship Guide in 1923 and was first used to take deep oceanic soundings 

during a voyage from Norfolk, Virginia, to San Diego, California. This apparatus was 

known as the Sonic Depth Finder, developed by Dr. Hayes of the United States Navy. 
The following year a similar instrument was installed on the ship Pioneer. In operation, 
the Sonic Depth Finder transmitted a sound in the water at the precise instant the. 

echo from a previously transmitted signal was heard. The operator used a set of 
headphones, through which he could hear the transmitted signal through one ear and 

the echo through the other. _By a variable-speed mechanism the operator could vary 
the interval between transmitted sound signals, until the transmitted sound and an 
echo were heard simultaneously. The position of the dial on the variable-contro] 
mechanism served to indicate the depth. Although the Sonic Depth Finder was far 

superior to earlier sounding instruments it had numerous shortcomings as a hydro- 
graphic survey instrument. Among these may be mentioned the inaccuracy of 
soundings obtained in depths of less than a hundred fathoms even when a special shoal- 

water device was used; the likelihood of inherent erroneous soundings due to the 
principles of the instrument; and the personal error, because the accuracy of depth 

measurements depended on the skill of the operator. 

5132. 312 Fathometer 

In 1925 the first Fathometer (pronounced Fath’ 6-mé@’ tér), a commercial instrument 
designed and built by the Submarine Signal Company, was installed on the ship 
Lydonia. This instrument, known as the 312 Fathometer, was later installed on all 
the ships of the Coast and Geodetic Survey and entirely replaced the Sonic Depth 

Finder. Most of the objectionable features of the Sonic Depth Finder were eliminated 
from the 312 Fathometer; comparatively shoal soundings could be obtained, the sound- 
ings could be read visually from a depth scale, little experience was needed to operate 
the instrument, and all soundings could be taken from the vessel while underway. 
Deep-water soundings were obtained on the 312 Fathometer by noting the position on 
a circular depth scale of a continuously rotating white light, at the time the arrival of 
the echo was heard in the operator’s headphone. This method was known as the 
white-light method but was later replaced by a red-light method similar to that used 
to obtain soundings in shoal to moderate depths. The red-light method utilizes a 

465382—44—30 
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rotating neon tube which flashes adjacent to the depth scale at the instant of arrival of 
the echo, thus acting as an index to indicate the depth. The 312 Fathometer is still 
used on some ships of the Coast and Geodetic Survey. (See 521.) 

5133. 412 Fathometer 

A 412 Fathometer, a striker type of instrument, was installed on the motor vessel 

Natoma in 1928, and subsequently other models, similar in principle to the 412, were 

installed on several ships. Finally all the striker types of Fathometers were discarded 
because they did not give results sufficiently reliable and accurate for survey purposes. 
(See 5161D.) 

5134. Dorsey Fathometer No. 1 

Echo sounding proved to be a much more accurate, faster, and easier method of 

hydrographic surveying than any method previously used. However, most of the 
instruments available in the United States prior to 1935 were designed for use on 
commercial vessels and, while sufficiently accurate for navigation, they did not fully 
meet the requirements of the hydrographer. 

A precision instrument was needed with which soundings between a few feet and 

20 fathoms could be obtained with far greater accuracy than with any existing instru- 
ment. The design of such an instrument was started in 1933 in the Washington labo- 
ratory of the Coast and Geodetic Survey. This first instrument of its kind was installed 
on the Lydonia in 1934. It was named later the Dorsey Fathometer No. 1, a detailed 
description of which is given in 524. The Dorsey Fathometer No. 1 was so successful 
that similar instruments were installed in subsequent years on all ships of the Coast 
and Geodetic Survey operating on the East and Gulf Coasts. Although designed 
primarily for use in depths of 20 fathoms or less, soundings have been obtained in 
150 fathoms, although 40 fathoms is usually the maximum depth in which it is used. 
The Dorsey Fathometer No. 1 uses a frequency of sound very close to supersonic; 
this was the first attempt by the Coast and Geodetic Survey to use the higher-frequency 
sound waves in echo sounding. 

5135. Dorsey Fathometer No. 2 

In 1937 the Dorsey Fathometer No. 2 was designed to supplement the Dorsey 

Fathometer No. 1. It incorporated many of the performance and accuracy features 

of the No. 1 model but, whereas the latter was designed especially for use in depths - 
less than 20 fathoms, the No. 2 model was designed for depths greater than 20 fathoms. 
The first two instruments of this type were installed on the Oceanographer and the 
Hydrographer. (See 525.) 

5136. Dorsey Fathometer No. 3 

Performance of these two models of Dorsey Fathometers proved so satisfactory 
that their features were combined into a single instrument, known as the Dorsey Fatho- 
meter No. 3, for use in all depths. The first of these instruments was constructed in the 

laboratory of the Coast and Geodetic Survey and was installed on the motor vessel 
Westdahl in 1938. This first instrument gave satisfactory results and Fathometers of 
this type were later installed on most of the ships of the Coast and Geodetic Survey, 

and were still in use in 1941. (See 526.) 
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5137. Other Instruments 

In 1939 a Hughes Veslekari deep-water graphic-recording instrument (527), of 
British manufacture, was installed on the ship Oceanographer and a year later a simi- 

lar instrument was added to the sounding equipment of the ship E’rplorer. Also, in 

1939 performance tests were made on a Hughes portable graphic-recording instrument 
MS 12 D (528). The value of such an instrument for use in hydrographic surveys made 
from launches and small boats was at once apparent. Specifications were prepared for 
a portable graphic-recording instrument particularly adapted,to meet the requirements 
of the Coast and Geodetic Survey. The 808 Fathometer (523), built by the Submarine 

Signal Company, resulted from these specifications and was first put into service in 
1940. In actual field use during that year this instrument gave excellent results 

although minor faults were disclosed which were subsequently corrected during the 
winter 1940-41. Although primarily intended for use on launches as a semiportable 

instrument, a few permanent installations have been made on larger vessels. 

514. GENERAL LIMITATIONS OF ECHO SOUNDING 

Certain general limitations are encountered in echo sounding that tend to limit 
the useful range of the instruments and influence the accuracy of the results. These 
limitations may be divided into two broad classes; those due to the properties of the 

medium through which the sound passes, and those embodied in the echo-sounding 

equipment. 
The transmission of the acoustic waves used in echo sounding is dependent on 

certain properties of the medium, or on the result of certain external influences on 

this medium, and on the reflecting surface. For echo soundings the medium is the water 

through which the sound passes and the reflecting surface is the sea bottom. Ideally, 
for echo sounding, they should possess the following characteristics: constant physical 
characteristics throughout the entire depth of water, resulting in a constant velocity 

from surface to bottom; zero attenuation of sound; and 100 percent reflection from a 
bottom parallel to the water’s surface. In practice these ideal conditions never exist; 
nevertheless echo sounding under the existing conditions gives results satisfactory for 
most purposes. Some of the conditions that influence echo sounding are (1) salinity of 

the water, (2) temperature of the water, (3) type of bottom, (4) aeration, (5) absorption, 

and (6) turbulence. Some of these factors are interrelated. 

Many of the factors that limit the use and accuracy of echo-sounding instruments 
are inherent and basic and therefore can be controlled only to a limited degree. There 
are others, however, which are controllable to a greater extent and, unquestionably, 

ways will be found to control them in increasing degree as the science of echo sounding 
progresses. 

5141. Absorption 

As the sound passes through the water some of its intensity is lost and hence, under 
certain conditions, the echo may be so weak that it cannot be detected. Sound, like 

other forms of energy, suffers a loss in intensity due to friction, which is referred to as 
the loss due to the viscosity of the medium. ‘This loss of sound energy is by con- 
version to heat and is sometimes referred to as absorption. Absorption of this nature 

is important only when high supersonic frequencies are employed, and may be ignored 
at sonic frequencies. 
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5142. Radiation 

The sound leaving the transmitting unit does not travel in parallel rays, but radi- 
ates from the source. In sounding, only that part of the sound which is reflected back 
from the bottom directly under the vessel is of practical importance and the remainder, 
which travels in other directions, represents a complete loss of energy. This loss might 
be utilized to produce a stronger echo if concentrated in a direction normal to the bottom. 
This divergence of the sound represents one of the largest losses of useful energy— 
because of the spread, at a greater dépth a smaller percentage of the total energy 
reaches the receiving unit. 

5143. Aeration 

Sound energy is also lost through aeration, which is the suspension in water of air 
in the form of bubbles. The movement of a vessel through the water mixes air with 
the water along the bottom of the vessel, to an extent that it may even completely 
envelop the bottom. Sound waves are partly reflected, or dispersed, and partly 
absorbed by aeration; theoretically when the air in the water represents 10 percent by 
volume of the water, total reflection of sound will take place. In passing through this 
aerated lamina, sound suffers a loss which in extreme cases is equivalent to complete 
attenuation of the sound signal. Moreover, the returning echo will be attenuated 
equally as much as the outgoing sound. During rough weather aeration may be 
sufficient to preclude the use of echo sounding. The shape and size of the hull and the 
speed of a vessel influence the extent of aeration, it being more extensive on small and 
shallow-draft vessels. When a vessel is going astern the propeller will generally draw 
sufficient air under the hull to prevent the detection of any echoes. 

5144. Reflections 

Echo sounding depends on receiving the reflection of sound from the sea bottom. 
Thus, in addition to other types of attenuation echoes are subject to the limiting factors 
of the configuration and composition of the bottom. The relief and slope of the bottom 

may be such that the reflected sound is scattered or dispersed so that little or none of the 
echo signal is received at the vessel. The composition of the bottom is an important 

factor in the intensity of the echo. Nearly 100 percent of the incident sound waves will 
be reflected from a flat bottom of homogeneous composition, such as sand, rock, or 

packed mud, while a prolonged echo of weakened intensity may be expected from a 
bottom of spongy nature, such as unconsolidated mud or silt deposits, or from a bottom 
on which there is an abundance of marine growth. 

Any discontinuity of the medium between the water surface and the bottom, from 
which the sound can be reflected, reduces the echo intensity. That energy which is 
reflected before reaching the bottom as well as that reflected back to the bottom before 
reaching the surface represents a loss in echo effectiveness. Such factors as changes in 

water density, turbulence, aeration, and solid matter in suspension in the water may form 
sufficient discontinuity so that internal reflections take place in the medium. These 
are generally only minor limitations, but may become important in rivers, and in certain 
regions where the commingling of waters of different temperatures and densities occurs, 

and where salt wedges and colloidal suspension exist. 
If the path of the transmitted sound is not perpendicular to the bottom, part or all 

of the echo may be lost, as the sound will strike the bottom at an angle and be reflected 
away from the vessel. This may occur when heavy seas cause the vessel to pitch or roll 
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excessively. Attenuation of the echo for this reason is intensified where the transmitted 
signal is directive, in the form of a narrow beam or cone, as is usual with supersonic- 

sounding instruments. This limitation is aggravated by the additional fact that, even 
though the sound may be reflected from the bottom in a normal manner, the echo may 
not be detected if the receiving unit, which may also be directional, is at an unfavorable 

angle for its reception at the instant of its arrival. 

5145. Echoes From Sloping Surfaces 

The depth registered by the echo-sounding instrument is not the true depth under 
the vessel under all conditions. A hydrographer experienced in echo sounding can fre- 

quently recognize these unfavorable conditions and sometimes a proper correction can 
be applied. In sounding over rugged submarine relief, the sound may be reflected 
back from a multitude of surfaces and a prolonged echo may be received, no part of which 
is from the bottom directly under the vessel. The sound from a nondirective trans- 
mitter is reflected first from the nearest reflecting object and this part of the echo is 
likely to be more intense than any subsequent part, and might be interpreted erroneously 

as the correct depth. Such echoes are known as side echoes or reflections from slopes. 
Echo-sounding instruments employing directive signals avoid, to some extent, these 
confusing side reflections, but still are not entirely free from them. 

As mentioned in 5144, certain discontinuities in the physical characteristics of the 
water or the accumulation of foreign matter in the water, may cause reflections which 
may be erroneously interpreted as those from the bottom. This is not a common 
occurrence but reflections have been received from density interfaces and foreign 
matter such as kelp, which have been difficult to distinguish from echoes from the 
bottom. 

From certain types of bottom, the echo is not a single clear-cut sound, but a series 

of reflections from various points on the bottom, at varying distances from the vessel. 
Although one of these numerous reflections may be from vertically below the vessel, the 
selection of the proper echo may be difficult. A graphic record has the great advantage, 
in such a case, of making possible a careful and lengthy examination to select what 
appears to be the correct depth. 

Additional discussion of this limitation is included in 563. 

5146. Multiple Echoes 

Multiple echoes are those received subsequent to the first echo, and are due to & 
multiplicity of reflections back and forth between the bottom and surface. These 
reflections often register on the dial of a visual indicator, or on the fathogram of a. 

graphic recorder, at multiplies of the true depth. Such echoes are sometimes mistaken 
for the first echo. As many as 12 echoes of the transmitted sound have been observed 
in extreme cases. This condition can be controlled to some extent by reducing the: 
amplification of the echo until all the echoes disappear except one, the result of a 

single reflection. 
5147. Strays 

At times spurious, or false, indications appear on the dial or fathogram of an echo- 

sounding instrument, which either may be mistaken for the true echo or may be of such 
a nature as to prevent identification of the true echo. These spurious indications are 
known as strays. They may be caused by the motion of the vessel through the water, 
by acoustic or electric noises in the ship, or by electric noises in the echo-sounding equip- 
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ment. During rough weather when the vessel is pitching or rolling violently the num- 

ber and intensity of strays on the registering device may be sufficient to obscure all 
soundings. Strays caused by the motion of the vessel usually come in groups, between 
which it is usually possible to detect a few true soundings. The acoustic noises origi- 
nating in the ship, which cause strays, generally come from some parts of the machinery, 
such as the main engines, pumps, clapper valves, or auxiliary equipment, but they may 

also be caused by chipping or similar work performed on some part of the ship’s hull. 

Electric noises, generated either in the ship or in the echo-sounding equipment, may 

have such a periodicity of recurrence that they appear as echoes on the registering device. 

When the echo is weak, as it may be in deep water, strays are more bothersome, since 

their intensity level is then relatively higher. It is necessary in this case to increase the 
gain of the amplifier to build up the weak echo, but the spurious noises are thereby also 
amplified in the same proportion. 

5148. Velocity of Sound 

The accuracy of echo soundings is directly dependent on an accurate knowledge of 
the velocity of sound in the water. This velocity is subject to regional, seasonal, and 
diurnal variations. Echo-sounding instruments are operated for a certain assumed 
velocity of sound, known as the calibration velocity, and any depth measurement is, 
therefore, in error by an amount directly proportional to the variation of the actual from 

the assumed velocity. This variation is a matter of concern in hydrographic surveying. 
Correction must be made for it, and an unknown or unexpected variation may introduce 
errors greater than the allowable limits. (See 561.) Systematic measurements of the 
physical characteristics of the water are made to determine the exact velocity so that the 
measured depths may be corrected to be within at least one-half percent of the true 
depth. 

The velocity of sound in sea water, averaged from surface to bottom, in any of the 
waters of the earth is usually within a range of 4,560 feet (760 fathoms) to 5,100 feet 

(850 fathoms) per second. In the areas usually surveyed by the Coast and Geodetic 
Survey the average velocity has been found to be about 4,920 feet (820 fathoms) per 

second. If an average velocity of 820 fathoms per second is assumed, the maximum 
error of uncorrected echo soundings in any locality will be 8 percent. Generally the 

actual velocity does not vary materially from the assumed average and uncorrected 
echo soundings are, therefore, sufficiently accurate for use in navigation. (See also 

section 63.) 

515. GENERAL CLASSIFICATION OF ECHO-SOUNDING INSTRUMENTS 

Echo-sounding instruments may be classified in various ways; for example, accord- 
ing to their use, the frequency of the-sound utilized (sonic or supersonic), or the type of 
registering device used. Or, in order to give a more complete description of the type 
of instrument, combinations of these classifications are employed; for example, a 
particular instrument may be called a shoal-water, graphic-recording, supersonic, echo- 
sounding instrument. Classifications as to use may be further subdivided according to 
the service for which the instrument is intended or the depth range of the instrument. 

Except for some specialized uses, most echo-sounding instruments are intended for 

use in either navigation or hydrographic surveying. This does not necessarily mean 
that an instrument designed for one purpose cannot be used for two or more purposes. 



Pace 447 ECHO SOUNDING 5151 

But instruments for use in navigation are constructed with a view to getting soundings 
rapidly, with a fair degree of accuracy, and with a minimum of adjustment and main- 
tenance; and they must be simple in construction, which prohibits the refinements 

necessary in a survey instrument. 

5151. Depth Range Classification 

As to depth, echo-sounding instruments may be broadly classified as shoal, moder- 
ately deep, and deep-water instruments. The depths are those in which the instrument 
was designed to sound most efficiently. For purposes of classification, shoal depths 
may be considered to be those from 0 to 20 fathoms, moderate depths those from 20 
to 100 fathoms, and deep water all depths of more than 100 fathoms. Some instru- 

ments of special design may be equally effective throughout the entire depth range and 
therefore cannot be conveniently classified in this manner. 

The echo-sounding instruments used by the Coast and Geodetic Survey may be 
classified as to depth range as follows: for shoal water—Dorsey Fathometer No. 1; for 

shoal and moderately deep water—808 Fathometer, Simplex-Bludworth Fathometer, 
and the Hughes MS 12D; and for moderately deep and deep water—312 Fathometer, 
Veslekari Graphic Recorder, and Dorsey Fathometer No. 2. The Dorsey Fathometer 
No. 3 may be considered as included in all these classifications, since it embodies the 
features of both the Dorsey Fathometer No. 1 and No. 2 as well as the 312 Fathometer. 

5152. Frequency Classification 

When echo-sounding equipment is classified according to the frequency of the 
transmitted sound, it is said to be either sonic or supersonic. Devices that utilize 
acoustic waves of a frequency that are audible to the human ear are generally classified 
as sonic instruments; and those that utilize frequencies above auditory perception are 
called supersonic, or ultrasonic, instruments. There is a close relation between the 
classification of echo-sounding instruments by depth and by frequency. This is 
because each range of frequencies has distinct advantages for use in a certain depth 

range. 
A. SONIC FREQUENCIES 

Echo-sounding instruments used in navigation, especially in the United States, 
employ sonic frequencies to a large extent. These frequencies can be generated in the 
water at a high-energy level with relatively simple and inexpensive equipment. Because 
of the low absorption at sonic frequency, their high penetrating power also makes them 
useful for deep soundings. Sound-producing and receiving units can be made to 
convert energy very efficiently at sonic frequencies, which adds to the total efficiency 
of the system. 

Sonic frequencies have, on the other hand, certain restrictive limitations. These 

frequencies cannot be used to measure extremely shoal depths with a high degree ot 

accuracy, because the period of these frequencies approaches the time interval to be 
measured. Most of the energy of water and ship noises is in the sonic-frequency range 
and, therefore, sonic soundings are more susceptible to interference by strays. Because 
of their long wave lengths these low frequencies cannot be directed, or beamed, to an ad- 
vantageous degree, without using transmitting and receiving units of a prohibitive size. 
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Directivity is desirable because it adds to the discrimination against spurious noises, in 

addition to concentrating the sound energy in the desired direction. Sonic frequencies 
do not permit as minutely detailed a representation of the bottom as might be desired 

in some cases. This is especially true where the bottom irregularities are small 
compared to the wave length of the sound employed. 

B. SUPERSONIC FREQUENCIES 

Supersonic frequencies overcome, to alarge extent, most of the disadvantages of sonic 
frequencies and still possess many of their advantages. The advantages of supersonic 
frequencies are: 

(1) High directivity with small transmitting and receiving units. 

(2) Concentration of sound energy, because of directivity, in the desired direction, i. e., normal to 

the bottom. 

(3) Discrimination against spurious noises by reason of directivity and because of the generally 

lower frequency of the ship and water noises. 

(4) Measurement of shoal depths because a shorter signal can be made. 

(5) Detailed profile of irregular bottom due to the short wave lengths. 

(6) Reduction of side echoes because of the narrow beam of sound. 

Supersonic frequencies are used in both navigation and survey echo-sounding 
instruments, and are employed in all depths from the shoalest to the deepest. Greater 
attenuation of sound occurs at these higher frequencies and the sound waves are more 

likely to be reflected within the medium. While these are hindering limitations they 
are serious only in extreme cases. 

Only one type of echo-sounding instrument used by the Coast and Geodetic 
Survey employs sonic frequencies exclusively; this is the 312 Fathometer. Those 
which are classified as supersonic instruments are the Dorsey Fathometer No. 1, the 
808 Fathometer, the Simplex-Bludworth Fathometer, the Veslekari, and the Hughes 
MS 12D. The Dorsey Fathometer Nos. 2 and 3 are combined sonic and supersonic 
sounding instruments. 

5153. Registering Device Classification 

A common method of classifying echo-sounding equipment is by reference to the 
method of depth registration. There are two broad classifications; the visual and the 
graphic-recording types. This classification is irrespective of the kind of acoustic 
signals employed or whether the instrument is intended for navigation or surveying. 
On a visual indicator the depth can be read quickly and accurately but it must be 
observed constantly if a profile is desired. It is of most value when only an occasional 
sounding is desired. The visual indicator types used by the Coast and Geodetic 
Survey, because of their design, do not register silt deposits less than 2 fathoms thick. 
The principal advantage of the graphic-recording type is that it makes a permanent. 
record of a profile of the bottom, whose details may be examined at leisure at any later 
date. Unusual characteristics of the bottom, such as silt layers and the underlying 
substrata, are often registered by a graphic-recording instrument. All these features 
are of special value to the hydrographer. 

Instruments used by the Coast and Geodetic Survey classified as visual types are 
the Dorsey Fathometer Nos. 1, 2, and 3, and the 312 Fathometer. Those classified 

as graphic recording are the 808 Fathometer, the Simplex-Bludworth Fathometer, 
the Veslekari, and the Hughes MS 12 D. 
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516. DESCRIPTION AND FUNCTION OF PARTS 

Every echo-sounding instrument is composed of three principal parts, which per- 
form individual functions, the combination of which results in a depth measurement. 
The three parts are: the acoustic transmitting unit or sound producing part, and the 
source of energy to operate this unit; the acoustic receiving unit and the echo amplifier; 
and the registering device, including a motor whose speed is controlled, an index and 
depth scale, and the necessary keying circuits. Under the following headings are given 
descriptions and functions of each of the principal parts, and a brief summary of the 
different kinds of equipment used to perform these functions. 

5161. Acoustic Transmitting Units 

The function of the transmitting unit is to generate acoustic waves in the water 
with sufficient intensity and duration so that an echo can, be received from the bottom, 
of sufficient strength to be amplified to register the depth. Acoustic waves are ordi- 
narily generated in the water by the motion, or vibration, of a surface or diaphragm, 

which alternately condenses and rarefies the water next to it, thereby starting a train 
of acoustic waves that is propagated away at the velocity of sound. The transmitting 
unit may have its emitting surface in direct contact with the sea water or the entire 
unit may be enclosed in a water-filled tank, the acoustic waves passing through the 
ship’s plates. The transmitting unit is frequently housed in an internal water-filled 
tank on a wooden-hulled vessel but, because the wooden hull interferes with the trans- 

mission of sound, a hole must be cut in it, so that the water in this tank is separated 
from the outside water by only a metal plate. On small vessels and launches the 
transmitting unit of a portable instrument is sometimes housed in a streamlined casing, 

known as a fish, which is secured in a submerged position alongside or over the bow of 
the vessel. 

Electric energy is normally used to operate the transmitting unit, but mechanical 
energy is employed in some cases. 

Transmitting units may be divided into four classes: (1) electromagnetic; (2) mag- 
netostrictive; (3) piezoelectric; and (4) mechanical, that is, the hammer or striker type. 

A. ELECTROMAGNETIC UNIT 

The electromagnetic type of acoustic transmitter has a diaphragm, or emitting surface, actuated 

by the alternate attraction and repulsion of an electromagnet. The magnetic force may act directly 

on the diaphragm or be coupled to it through a system of levers. The diaphragm is sometimes tuned 

and in such case, when the frequency of the driving force corresponds to the natural frequency of the 

diaphragm, the amplitude of vibration of the latter is at a maximum and hence the maximum energy 

is transmitted to the water. Electric energy to actuate the electromagnetic transmitting unit is 

normally derived from some source of alternating current, such as a rotary generator. It is common 

practice to use an alternating current of half the frequency of the sound to be transmitted in the 

water. The frequency of vibration of the diaphragm of the transmitting unit will be doubled if there 

is no constant polarizing force to prevent the diaphragm from following each alternation of the elec- 

tric current, irrespective of its direction. Electromagnetic transmitting units are generally used at 

sonic frequencies because of their greater efficiency at these frequencies. 

B. MAGNETOSTRICTIVE UNIT 

An increasing number of acoustic transmitting units utilize the magnetostrictive properties of 

certain metals and alloys in the production of supersonic signals. Certain metals change their linear 

dimensions when placed in an electromagnetic field. This property or phenomenon is called magneto- 
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striction. Where the magnetostrictive metal is in the field of a coil, should this coil be energized by 

an alternating electric current, the metal will alternately contract and expand along the axis of the 

coil in unison with the exciting current. Where this dimensional change is properly coupled to the 

water it will produce acoustic waves. Conversely, a fluctuating pressure applied to a face of the mag- 

netostrictive material parallel to the magnetic field of the coil will cause changes in the field to produce 

an electromotive force across the terminals of the coil. Thus it is possible to use the same material 

for both the transmission and reception of acoustic waves. Commercially pure nickel, because of its 

high magnetostrictive property, its uniformity, and its chemical and mechanical stability, is most 

frequently used in this type of acoustic unit. Numerous methods, differing principally in coupling 

the vibrating unit to the water, are utilized to apply magnetostriction to the production of acoustic 

waves. In some types of transmitters the vibrations are coupled to the water by means of a dia- 

phragm and in others the vibrating magnetostrictive elements are in direct contact with the water. 

The direct-contact units may utilize one surface of the magnetostrictive element in a manner similar 

to an oscillating piston, or the acoustic energy from the vibrating surface may be concentrated in the 

desired direction by the use of a reflector. 

The exciting energy for the magnetostrictive element may be alternating current, normally 

generated by a vacuum-tube oscillator, but the method most frequently used involves the discharge of 

a previously charged condenser into the exciting coils, so that the magnetostrictive element is set into 

oscillation by the transient flux. This latter is known as shock excitation. 

Magnetostriction finds its greatest application in echo sounding at supersonic frequencies. 

Figure 109 illustrates the assembly of a magnetostrictive unit which is described in detail in 5273. 

Cc. PIEZOELECTRIC UNIT 

Acoustie transmitting units that utilize the piezoelectric properties peculiar to certain crystalline 

substances are known as piezoelectric oscillators. Where such an oscillator is properly coupled to the 

water and excited, acoustic waves will be generated. Piezoelectric phenomena are exhibited by a 

oO 5 10 
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FIGURE 98.—Piezoelectric supersonic acoustic unit. A. Quartz crystals. B. Steel diaphragm. C. Steel plate. D. Housing. 

E. Hull mounting. F. Reinforcement ring. G. Hull plate. 

number of crystalline substances. Those most frequently used for echo sounding are quartz and 

Rochelle salt, although others are sometimes used. Quartz has a higher mechanical and chemical 

stability, even though it may not be so piezoelectrically active as Rochelle salt. These crystals, 

where properly cut and ground, will show a physical strain and distortion when subjected to an 
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electric field and, conversely, will create an electric field when subjected to mechanical stress. It is 

this change of dimension, as in the magnetostrictive units, that is utilized for the production of 

acoustic waves. 

Most echo-sounding transmitting units making use of the piezoelectric effect, one type of which 

is illustrated in figure 98, consist of a mosaic assembly of quartz crystals A, which are clamped between 

two metal plates Band C. The thickness of the assembly of crystals and plates determines the period 

at which the system will be resonant. One of these plates B is in direct contact with the water and 

forms the emitting surface. The energizing force to operate this unit is the electric field between the 

two metal plates. Electric energy to excite the piezoelectric oscillator may be from an alternating- 

current generator, but ordinarily excitation is produced by the high-frequency oscillations resulting 

from the discharge of a condenser into an electric circuit. Piezoelectric oscillators are generally used 

at supersonic frequencies, and may be used at frequencies much higher than is normally considered 

practicable for most other types of acoustic transmitting units. 

D. HAMMER OR STRIKER TYPE 

Impact sound producers, commonly known as hammer or striker types, generate a damped signal 

in the water. The essential operation is performed by a heavy metal plunger or hammer, forced by a 

compressed spring, which strikes a sharp blow against one side of a metal diaphragm, the other side 

of which is in direct contact with the water. The vibration of the diaphragm caused by the blow 

sends acoustic waves into the water. After the blow, the plunger is raised from the diaphragm by 

an electromagnet, the actuating spring being compressed during this operation. This leaves the 

plunger poised in position to repeat the cycle. 

Instruments of the striker type are usually used only in moderate depths. Uncontrollable varia- 

tions in the time of release and rate of fall of the impact plunger make this instrument unsatisfactory 

for use in accurate hydrographic surveys. As a navigation instrument, where reasonable accuracy 

is all that is necessary, its relative simplicity has contributed to its extensive use. 

5162. Acoustic Receiving Units 

The purpose of the echo receiver, generally known as the hydrophone, is to take 
the acoustic energy of the echo from the medium and convert it efficiently into electric 
energy. Echo receivers are composed of two parts; the sound collector or diaphragm, 
and an element which converts acoustic energy to electric energy. 

All echo receivers have their diaphragms or sound-collecting members submerged 

in water. This may be the water outside the ship’s hull, or water in a tank contiguous 
to the inside skin of the ship. In the latter case the echo must penetrate through the 
hull plates to reach the receiver. The electroacoustic converter may be inside a water- 
tight cavity closed by a diaphragm, or in direct contact with the water. 

The type of echo receiver is usually determined by the frequency of the acoustic 
waves employed, whether sonic or supersonic. To receive sonic frequencies either a 
carbon button or an electromagnetic type of element is generally employed. Such 

elements are normally attached to the inner side of a diaphragm that closes a watertight 
cavity. The diaphragm may or may not be tuned to a definite frequency in water. 
The carbon-button element is often mounted in a watertight rubber jacket, which is 
submerged in a water-filled tank installed against the inside skin of the ship. 

Supersonic frequencies are most commonly detected on magnetostrictive or piezo- 
electric receivers because of their more favorable response to these frequencies. 

Magnetostrictive receivers are either operated in conjunction with a tuned diaphragm 

or the magnetostrictive material is in direct contact with the water. Some piezo- 
electric receivers have the crystals sandwiched between two metal plates, one of which 
is in contact with the water. The plates and the crystals form an integral resonant 
unit which is tuned to the desired frequency. 
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Some echo receivers are constructed with frequency discrimination so they will 
respond only to the frequencies of the echo and be insensitive to noises of other 
frequencies. 

The transmitting and echo-receiving units, used in conjunction with the various 

types of echo-sounding instruments of the Coast and Geodetic Survey, are listed in 
table 12. 

5163. Echo Amplifiers 

When the echo receiver converts the acoustic energy to electric energy, the resulting 

amount is so small it must be increased to a usable value. This is one of the principal 
purposes of the echo amplifier. The desired amplification is obtained by the use of 
vacuum tubes similar to those used in radio receivers, the number and kinds of tubes 

used depending on the amplification required. In addition, this amplifier must possess 

other important characteristics, which may be listed as follows: (1) frequency discrimi- 
nation; (2) stability; and (3) a small and constant time lag, or the property of passing 
the echo signal through the amplifier in a short and regular time interval. 

Frequency discrimination is usually obtained by the use of highly resonant electric 
circuits which, by their filtering action, pass frequencies corresponding to the echo 
signal and attenuate spurious noises of other frequencies. 

Apparent time lag through the echo amplifier is of minor consequence so long as it 

remains constant. Variations in the time lag may result in errors of serious magnitude, 
especially in shoal-water soundings. Instability in the amplifier is usually responsible 
for unpredictable changes in this lag. Gain-control variations also result in changes 
in the time lag, so it is important always to use high values of gain, since the varia- 
tion in time lag is smaller for higher values of amplifier gain. 

Most echo amplifiers are composed of a series of thermionic vacuum tubes with 
filters, tuned to the echo frequency, between the tube stages. Where high gain is 
needed a superheterodyne circuit is sometimes used. This type of circuit combines 
high gain with stability of an order which is difficult to obtain with single-frequency 
amplification. 

5164. Registering Devices 

The purpose of the depth-registering device is to indicate visually, or record graphi- 
cally, the depth of the water. ‘All echo-sounding instruments operate on the same 

principle—by measuring the elapsed time between the emission of an acoustic signal and 
its return as an echo. The primary purpose of the registering device is to measure this 
time interval and convert it into some unit of linear distance (feet, fathoms, or meters). 

Certain other parts are essential to the operation of the registering part of the 
equipment and will be considered as integral parts of the registering device. These 
essential parts are; the speed control of the driving motor, indication of motor speed, 
and the keying circuit that brings about the transmission of the acoustic signal. 

Depth-registering devices are of two general types, the visual indicator and the 
graphic recorder. 

A. VISUAL INDICATOR 

A visual indicator usually consists of a scale graduated to read in units of depth and an index to 
indicate the measured depth on the scale. The type of visual indicator now most frequently used 

is a circular transparent depth scale, behind which the index revolves. The index is a slot cut in a 

disk, or radial arm, behind which a neon tube is placed so that its flash is visible adjacent to the 

depth scale. The neon tube is made to flash by the amplified energy resulting from the echo. Since 

the index travels around the scale at a known uniform rate of speed, the depth of water corresponding 
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to one revolution can be computed if the velocity of sound in sea water is known. With the depth 

scale appropriately graduated and the index revolving at normal speed, if a sound impulse is produced 

in the water just when the index is correctly referenced to the zero of the scale, then the position on 

the scale to which the index will have advanced, when the echo makes the neon tube flash, will indi- 

cate the depth. The index slot revolves continuously at a predetermined speed depending on the 

assumed velocity of sound for which the instrument is calibrated and the range chosen for the depth 

scale. A sounding is normally made once each revolution of the index, and where the instrument is de- 

signed for shoal sounding with a scale graduated to 20 fathoms, for instance, approximately 20 soundings 

will be obtained per second. In this case, because of the persistence of vision, the index will appear 

as a continuously illuminated line of light. For depth scales with greater ranges, where the index 

rotates more slowly, a succession of single flashes will appear at a point corresponding to the depth. 

B. GRAPHIC RECORDER 

Graphic-recording devices register depths by recording marks on a paper with or without a printed 

scale, at the beginning and end of a signal epoch. The record is made by a stylus that passes over the 

surface of the paper at a constant velocity, and marks permanently on it the times of transmission 

of the signals and reception of the echoes. The time intervals are measured either by a scale printed 

on the record paper or by reference to a scale held against the paper. 

One of the principal problems in the development of recording instruments has been to find a 

suitable paper and method of recording the soundings thereon. At various stages of the development, 

methods involving all of the following have been used more or less successfully: smoked paper, wax- 

coated paper, ink and paint traces, charring or perforating the paper, and chemically treated paper. 

This last is used almost exclusively in European countries at present and is known as electrolytic 

record paper. In the United States a black-bodied paper is used whose surface is covered with a 

light-colored coating of special composition which disintegrates when an electric current is passed 

through it, exposing the black background at that point. 

More detailed descriptions of graphic-recording devices are included in section 53, and in 523, 527, 

and 528. 

5165. Motor Speed 

The accuracy of echo-sounding instruments 1s largely dependent on a constant and 
accurately known speed of revolution, either of the stylus of the graphic recorder or of 

the index of the visual indicator. In modern equipment this revolution is ordinarily 
produced by an electric motor whose speed is usually controlled within the limits of 
accuracy required. 

a. Centrifugal governor—A centrifugal type of governor is commonly used for speed control. 

Electric contacts on the governor mechanism control the motor current in such a way as to compen- 

sate for any change of motor speed. Since a change of speed must occur before the governor can 

function, this type of control at best can only maintain the proper average speed, whose instantaneous 

rate is not known. However, a carefully designed and properly functioning governor will maintain 

a speed within such narrow limits as to give the accuracy required in most hydrographic surveys. 

b. Tuning-fork control—An alternating-current generator of constant frequency can be used to 

operate a synchronous motor at constant speed, and at the same time nearly eliminate instantaneous 

fluctuations of speed. Such generators, maintained at constant frequency by means of a tuning fork, 

are used in some types of echo-sounding equipment in conjunction with a synchronous motor. Where 

properly designed and operated in a stable electric circuit, the tuning fork will control continuously 

the frequency of an alternating current, essentially independent of changes in supply voltage, load 

torque, and temperature. This constant-frequency alternating current is then amplified and used 

to run asynchronous motor at a constant speed, regardless of load or friction. The increased precision 

resulting from the use of a synchronous motor controlled by a tuning fork, to drive the registering 

device, is especially valuable in hydrographic surveying. However, such synchronous-motor systems 

are more complicated than those that are governor-controlled and require the attention of trained 
personnel. 

c. Tachometers.—A knowledge of the average motor speed is essential, especially where it is not 

adequately regulated or where only partly controlled. Tachometers of various types are the devices 

normally used to indicate motor speeds or motor-speed changes. 
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The Frahm type of tachometer consists of a series of metallic reeds, supported at one end and 

free to vibrate at the other, each having a natural period of vibration determined by its length and 

other physical properties. At its natural period a reed will vibrate at maximum amplitude. If there 

is a direct relation between the frequency of a reed and the motor speed at calibration velocity, the 

motor speed can be verified by observing the reed’s amplitude of vibration—when it is a maximum it 

indicates that the motor is operating at the correct speed. A reed tachometer is usually composed 

of seven reeds, ranging by a few percent above and below the calibration velocity, which is indicated 

on the middle reed. The reeds of higher and lower frequency serve to indicate the amount and 

direction of the motor-speed deviation. The reed tachometer is usually operated by some unbalanced 

mechanical force, or is actuated by an electromagnet that receives impulses from a commutator 

coupled to the indicator motor. (See 5234.) 
When alternating current is used to drive the indicator motor a frequency meter calibrated in 

revolutions per minute is sometimes used. 

592. ECHO-SOUNDING INSTRUMENTS 

USED BY THE COAST AND GEODETIC SURVEY 

The Coast and Geodetic Survey uses a number of different echo-sounding instru- 

ments, sometimes several on one vessel, depending on the nature of the surveys expected 
to be made. For surveying in deep water, such instruments as the Dorsey Fathometer 
Nos. 2 and 3, the 312 Fathometer, and the Veslekari Recorder are used. For a vessel 

used principally for surveying in shoal to moderate depths, the sounding equipment 
normally includes a Dorsey Fathometer No.1 or a permanently installed 808 Fathometer. 
Since the range of the Dorsey Fathometer No. 3 includes both shoal and deep water, 
and since this instrument embodies all the principles and accuracy of the Dorsey No. 1, 

there is no need for a special shoal-water instrument on a survey vessel equipped with a 

Dorsey No. 3. 
Some vessels are equipped with two or more instruments so that, if the principal 

instrument fails to function, another may be substituted immediately. Furthermore, 
the availability of two or more instruments permits the use of the particular instrument 
best suited for the depths and character of the bottom at the time. The advantages of 
two instruments on a vessel are further discussed in 545. 

Besides those instruments mentioned above, a large number of semiportable graphic 
recorders are now being used by the Coast and Geodetic Survey for surveys in shoal 
water. Because of their portability they may be transferred from one vessel or field 
party to another as the need arises. 

All of the instruments in use in 1941 are described in this section. Because of the 

constant progress and development of echo sounding it must be expected, however, 
that other types of instruments will be in use, perhaps in the near future. 

521. 312 FATHOMETER 

The 312 Fathometer may be classified as a visual, sonic type, echo-sounding instru- 
ment intended for depth measurements in water ranging from moderately shoal to deep. 
This instrument is manufactured by the Submarine Signal Company of Boston, Massa- 
chusetts, and has been used by the Coast and Geodetic Survey since 1925, and is still 
used for surveys in deep water on a number of the vessels of the Bureau. The optimum 

depth range of the 312 Fathometer is from 20 to 4,000 fathoms, although it has been 

used in depths as shoal as 12 fathoms with very good results. In actual use the range 
will vary, depending on the installation, the vessel, and other conditions affecting echo 

sounding. The maximum range of 4,000 fathoms is obtained only from a perfect 

installation and under the most favorable echo-sounding conditions. 
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Early models of the 312 Fathometer were calibrated for a velocity of sound in 
water of 800 fathoms per second, but later models have been calibrated for a velocity of 
820 fathoms per second. Most of the instruments now used by the Coast and Geodetic 
Survey are calibrated for 820 fathoms per second. 

The 312 Fathometer is composed of five separate pieces of equipment: (1) a trans- 
mitting unit, or oscillator; (2) a d-c to 525-cycle a-c motor generator; (3) an echo 
receiver, or hydrophone; (4) an echo amplifier; and (5) a visual indicator. All of these 

units are interconnected so that each performs its important function in relation to © 
the entire operation of the instrument. 

Briefly, the operation of this Fathometer in measuring depths is as follows: An 
electric contact made by an eccentric on the index shaft, at a predetermined position of 
the index relative to the depth scale, energizes the oscillator for a few thousandths of 

a second, causing it to emit a train of sound waves of a given frequency in the water. 

The echo from the transmitted sound energizes the echo receiver and is amplified by 
the echo amplifier. The output voltage of the echo amplifier is sufficient to flash a 
neon tube behind the revolving index slit of the visual indicator. The sounding is 
read from the depth scale at the place where the neon tube is seen to flash. 

5211. Oscillator 

The acoustic transmitting unit, or 324 oscillator, which produces the sound in the 
water, is of the electromagnetic type. An assembled and an unassembled view of this 

FIGURE 99.—Electromagnetic oscillator type 324. A. Exciting coil. Band C. Steellaminations. Dand EH. Upper and lower sections 

of housing. F. Stainless steel diaphragm. G. Hull mounting. H. Hull plate. 

oscillator are shown in figure 99. The diaphragm F is 13 inches in diameter and is 

made of stainless steel. By proper dimensioning, the diaphragm is given a natural 
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frequency of 1050 cycles per second in water. Welded to the inside center of the 

diaphragm is a group of steel laminations B and opposite to these a corresponding 
group Cis welded to the housmg. A coil A is wound around the latter group of lamina- 
tions to carry the exciting current. The vibrational frequency of the diaphragm is 

- twice that of the exciting current since no polarizing force is used on the diaphragm, 
and it follows the alternations of the exciting current, regardless of direction of flow, 
to produce a sound in the water of 1050 cycles. The outer face of the diaphragm must 
be in direct contact with the water, so the oscillator must be mounted in an opening 
cut in the bottom of the vessel. 

5212. Motor Generator 

Energy to excite the 324 oscillator is supplied by a motor generator, which is 

operated from the ship’s 110-volt d-c power circuit, and which produces 125 volts at 

525 cycles. It has a rating of 500 volt-amperes. A tuning condenser in series with 
the generator and oscillator gives unity power factor at 525 cycles, producing maximum 
energy transfer. The generator speed, and hence the output frequency, tends to vary, 
but is controlled by a motor-field rheostat. This rheostat and a frequency meter cali- 
brated from 500 to 600 cycles are located near the depth indicator so that the frequency 
can conveniently be kept at 525 cycles, or half the fixed frequency of the oscillator. 

The 525-cycle motor generators of later model 312 Fathometers have been equipped 
with governors, to keep the no-load and full-load speeds of the machine nearly constant. 
This keeps the frequency of the generator more nearly in its proper relation with 
the tuned circuits of the 324 oscillator during the keying period. More sound energy 

‘at 1050 cycles is transmitted by this arrangement, and the returning echo will be 
of greater intensity. 

This increase in sound energy may cause excessive reverberation in vessels of certain 
design, resulting in an apparent prolongation of the initial signal. This may seriously 
interfere with sounding in shoal to moderately deep water, but it may be effectively 
damped by placing heavy weights around the oscillator, and sometimes around the 
hydrophone tanks. On one vessel where reverberation was bothersome 14,000 pounds 

of pig lead were evenly distributed in the frame spaces surrounding the oscillator, and 
3,000 pounds were placed around the hydrophone tanks. 

‘5213. Hydrophone 

The echo receiver, or hydrophone, used to detect the echo and convert its sound 

energy into electric energy may be one of several types, depending principally on the 
depths being sounded. Two or more different types of hydrophones are commonly 
employed so that any one can be switched into operation for use in those depths where 
it gives optimum results. Tne three types of hydrophones commonly used with the 
312 Fathometer are: 

(a) Tuned hydrophone No. 314A is a large brass unit whose diaphragm is tuned to respond best 

at frequencies of 1050 cycles in water. This hydrophone is generally used for deep-water soundings. 

(b) The K-tube unit, a rubber-cased hydrophone, also known as the rubber rat, employed prin- 

cipally in shoal and moderately deep water. 

(c) Hydrophone No. 134E is a small brass unit, sometimes known as the watch-case unit, used 

for shoal and moderately deep soundings. 
Each of these units is installed in a water-filled tank secured to the inside skin of the ship. The 

electroacoustic element of each of these hydrophones is a carbon button fastened to the inside of 

the diaphragm. 
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5214. Echo Amplifier 

Numerous changes have been made to the echo amplifiers to take advantage of 
recent improvements in tubes and circuits, with the result that no two 312 Fathometer 
echo amplifiers in use on vessels of the Coast and Geodetic Survey are the same. They 
differ principally in the number and kinds of tubes and the source of power used to 
operate the amplifier. The power source may be the ship’s 110-volt d-c current, bat- 

teries, or rectified alternating current. IJron-core transformers are normally used to 
form the coupling between tubes. The gain control of the echo amplifier is generally 

on or near the indicator, so that sensitivity adjustments can be made while viewing 
the depth scale of the indicator. A band-pass filter, tuned to 1050 cycles, is sometimes 

used in conjunction with the amplifier to aid in discriminating against spurious noises. 

The output voltage of the echo amplifier is used to excite the grid of a gas discharge 
tube, whose discharge flashes neon tubes in the indicator. 

5215. Indicator 

The visual indicating mechanism of the 312 Fathometer is housed in a metal cabi- 
net whose outside dimensions are 13 by 15 by 11% inches. In the front of the cabinet 
is a circular hole, 11 inches in diameter, fitted with a glass on which are two concentric 

circular scales. The inner one is graduated in fathoms, from 5 to 100 fathoms; and the 

outer one in 5-fathom intervals, from 0 to 600 fathoms. A motor-speed indicator, a 
start-and-stop switch, and two adjustment knobs are also installed in the front of the 
cabinet. A reed tachometer is used to indicate the amount and direction of motor- 

speed deviation (see 5234). The left-hand adjustment knob is for manual control of 
the motor speed for line-voltage changes beyond the limit of the governor. The 
right-hand knob is the sensitivity adjustment and controls the current flowing in the 

carbon button of the hydrophone. On the left side of the cabinet is a gearshift knob 
for changing the disk speed to correspond to one of the two depth seales. On the right 
side of the cabinet is a push button by which the transmission of the signals may be 
stopped, as ‘desired. The important parts contained in the cabinet are: the indicator 

motor and governor, the reed tachometer, reduction gears, gearshift mechanism, rotating 
disk that carries the neon tubes, and the keying cam and contactors. 

A 110-volt d-c, %-horsepower motor, operated at 1,800 r.p.m., is used to revolve 
the index disk and operate the keying cam. It is important, for the sake of accuracy, 
that the speed of this motor be maintained constant. A centrifugal governor is used to 

control the speed for changes in torque and line-voltage variations between 90 and 115 
volts. 

The motor speed is reduced by means of gears to the proper speed of the index 

disk. The speed ratio may be changed by means of a gearshift mechanism, so that 
the index disk will rotate at either 4.1 r.p.s. or 0.683 r.p.s. for soundings on the 100- or 
600-fathom scale respectively. 

The index disk, of thin bakelite, is circular in shape, its diameter being a little less 

than the circular opening in the face of the cabinet. Attached to the back of the disk, 
and rotating with it, are two small U-shaped neon tubes. Electric connections are 
made to these tubes by means of slip rings. The index, one for each tube, is a narrow 
slit, cut in the disk, through which the light is seen when the tube flashes so that the 

position of the index relative to the depth scale may be read. The neon tube that oper- 
ates with the 100-fathom depth scale is installed so that it can be rotated with reference 
to the disk through an are equivalent to 7 fathoms, to adjust for the mean depth of the 



Pace 459 ECHO SOUNDING 5216 

oscillator and hydrophone below the surface of the water. When the 100-fathom scale 
is used in sounding, the neon tube for that scale rotates at 4.1 r.p.s. This neon tube 
is electrically connected through a switch to the output of the gas discharge tube. When 
a change is made from one speed to the other, the gearshift mechanism, in addition to 
changing the speed of the index disk, switches the gas discharge tube circuit from one 
neon tube to the other. 

Signals are normally sent once each revolution of the index by closing the electric 
circuit through the 525-cycle generator and the 1050-cycle oscillator. This is done by 
means of a dog mounted on the shaft which rotates the index disk. The dog is adjust- 

able circumferentially so that the time of starting the signal may be controlled. 
Echoes received on the 100-fathom scale near 100 fathoms (which is also the zero 

of the scale) are difficult to distinguish from the transmitted signals. By transmitting 

a signal only every alternate revolution this difficulty is overcome, and the echo and 
transmitted signal are seen alternately. The circuit by which every alternate signal 
is deleted is called the 100-fathom cutout. It consists of a wheel that rotates at half the 

speed of the disk, which has metal and insulating segments so arranged that the brushes 
which contact it complete an electric circuit once every alternate revolution of the disk. 
The keying contactors and the 100-fathom cutout circuit are electrically connected in 

series so that current can flow through the series combination only once each alternate 
revolution of the disk. The 100-fathom cutout is switched into or out of operation by 

means of a toggle switch on the underside of the cabinet. A cutout on the right side 
of the cabinet may be operated manually for the same purpose. ‘This latter cutout is 

utilized when depths of 200 or multiples thereof are received on the 100-fathom scale. 
And it may be used with both the 100- and 600-fathom scales. 

5216. Operation 

"To operate the 312 Fathometer for sounding, the starting switch is closed, and a 

period of a few seconds is allowed for the motor to come to operating speed. By the 
frequency-control rheostat the frequency is adjusted to 525 cycles, or some value near 
this which has been found to give optimum results. The hydrophone current is then 

adjusted by means of the right-hand knob, so that it is from 1 to 5 milliamperes. ‘The 
gain control of the amplifier is adjusted for optimum operation (see 5163). The motor 

speed should be adjusted so that the middle reed of the tachometer is vibrating at 
maximum amplitude. The instrument is now ready for sounding on the scale selected 

in accordance with the depth of the water. 

522. SImpLEX-BLUDWORTH 

The Simplex-Bludworth Fathometer, Model /S—104, is manufactured by National 

Simplex-Bludworth, Incorporated, of New York City. It is a semiportable, supersonic, 

graphic-recording, echo-sounding instrument designed for surveys in shallow to moder- 
ately deep water and for temporary installation in a launch or vessel. It is an instru- 

ment of the same general type as the 808 Fathometer and is similar to it in many 
respects (see 523). This is the most recently acquired echo-sounding instrument of 
the Coast and Geodetic Survey and has not yet been tested in the field. It is only 
briefly described here, mainly for the purpose of pointing out those features that dis- 
tinguish it from the 808 Fathometer. The fact should be noted that it was not avail- 

able when other parts of chapter 5 of this Manual were written. 
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5221. Description 

The Simplex-Bludworth Fathometer consists essentially of three separate units: 
a recorder cabinet containing the graphic-recording mechanism, signal sender, echo 
amplifier, and speed indicator; a submersible unit consisting of a streamlined cast- 
aluminum housing which contains the transmitting and receiving oscillators; and a 
12-volt storage battery. For proper operation, the units should be located according 
to the instructions given for the 808 Fathometer (see 5236). 

a. Recorder cabinet.—All essential parts except the transmitting and receiving units and the 

battery are in one metal case which has a canvas cover for protection from the weather. The operat- 

ing controls, all conveniently located, consist of an on-off power switch, an on-off recorder switch, a 

phase-changing control, a “‘foot-fathom”’ selector switch, a sensitivity control, a fix-marker button, 

and a control for compensating for draft or tide. There are also a motor-speed meter and a reed 

tachometer. All of the controls and meters are located on the top of the case or are accessible through 

it when the case is closed. The top of the case also contains glass ports through which the draft 

setting can be verified and the fathogram viewed. 

The recording mechanism consists of a revolving drum coupled directly to the motor shaft clutch 

for recording in feet and reduced through a 1 to 6 gear ratio for recording in fathoms. The 12-volt 

d-c driving motor has a speed range from 2,280 to 2,580 r. p. m., with 2,460 corresponding to a velocity 

of sound of 820 fathoms per second. ‘The electric impulse, which makes the depth record, is trans- 

mitted through a raised wire set into a helical groove in the drum. A printer blade is mounted in a 

bridge directly above the revolving drum and is adjustable in the bridge so that a uniform pressure 

can be maintained on the record paper where it contacts the helical wire. 

The record paper is of the dry facsimile type, impregnated with conductive material and surface- 

coated with an electrosensitive substance. The paper is rove between the revolving drum and the 

printer blade so that when an electric impulse is received it passes from the printer blade through 

the paper to the helical wire, leaving a permanent black mark at the point of contact of the blade 

and wire. The paper has a continuous printed scale which is 6% inches wide, the width being divided 

by lines into 60 equal parts, each part representing 1 foot or 1 fathom depending on which operating 

speed is used; and perpendicular to these lines are travel-spacing lines 1 inch apart. A depth range 

to 180 feet (or fathoms) is provided by three phases as follows: 0 to 60, 60 to 120, and 120 to 180, a 

scale for each phase being printed in different color and style numerals alternately along the paper 

at 2-inch intervals, each scale being repeated every 6 inches. When the instrument is recording in 

feet, the travel speed of the paper is 2 inches per minute at a motor speed of 2,460 r. p.m. The 

paper travel is provided by positive rubber friction rollers and the paper is truly alined by means of 

limiting rollers. 

The signal sender in the recorder cabinet energizes electrically the transmitting oscillator. The 

sender operates from a 350-volt vibrator-type power supply, and when keyed produces an electric 

impulse in the oscillator in exact synchronism with the keying commutator. 

The echo amplifier is a three-stage resistance-coupled thermionic type, tuned to respond at 

maximum sensitivity at a frequency of 14250 cycles per second. The input stage is transformer 

coupled to the receiving oscillator and the output stage is transformer coupled to the printer blade. 

b. Submersible unit.—The submersible unit consists of a transmitting and a receiving oscillator 

mounted in a streamlined cast aluminum housing 37 inches long by 14 inches wide; the oscillator 

centers are 13 inches apart; the units are very similar to those of the Hughes MS 12 D (see 528 and 

5273). The magnetostrictive oscillators consist of packs of thin annular nickel stampings mounted 

on a spindle inside an air-filled reflector and immersed in castor oil. Each pack is toroidally wound 

with an energizing coil of neoprene insulated wire. 

The operating frequency of the oscillators is 14250 cycles per second and is outside the normal 

range of interference from ordinary water noises. The transmitting and receiving oscillators are 

identical in all respects except that the receiving unit is permanently magnetized. 

The submersible unit should be installed so that its bottom is at least 2 feet below the surface 
and in a horizontal plane, and its axis parallel with the centerline of the vessel. There should be at 

least a 1-foot clearance between it and the vessel. 
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5222. Operation 

The revolving drum is the time measuring device on this Fathometer. An aux- 
iliary keying shaft is driven through a 1 to 4 gear ratio from the drum shaft so that a 
keying cycle occurs at every fourth revolution of the drum. Soundings in feet are there- 
fore recorded at the rate of 615 per minute and in fathoms at 102.5 per minute for a 
motor speed of 2,460 r. p. m. 

At the correct instant of each fourth revolution of the drum, the signal sender, to 
which it is keyed, sends an electric impulse to the transmitting oscillator, causing the 
magnetostrictive unit to transmit a supersonic signal of a frequency of 14250 cycles per 
second. The echo is received on the receiving oscillator and amplified by the echo 
amplifier, the resulting current passing to the printer blade and through the record 
paper at the point where the blade is in contact with the helical wire on the revolving 
drum, leaving a permanent black mark on the paper. The arrangement of the wire on 
the drum is such that at any instant the printer blade-can be in contact with the helical 

wire at one point only, and the revolution of the drum thus becomes a measure of the 
elapsed time between the transmission and reception of the sound signal. 

a. Draft adjustment.—The adjustment for the depth of the oscillators below the surface of the 

water is made with reference to a scale with a range from plus 10 to minus 5 feet. The adjustment for 

draft must always be made on the 0 to 10 part of the scale. Any adjustments made with reference to 

this scale in feet are correctly applied to the fathogram irrespective of whether the soundings are 

recorded in feet or fathoms. When the adjustment is set at zero, the instant of transmission coincides 

with the zero of the record paper, but the recorded depths are all referred to the plane of the oscillators. 

When the adjustment is set on the 0 to 10 part of the scale, the instant of transmission is delayed to 

account for the draft of the oscillators. 

The draft adjustment scale can also be used for mechanically applying other various corrections 

involved in echo sounding, such as instrumental error (552), settlement and squat (553), and, under 

certain conditions, tide (56). 

b. Motor speed adjustment.—The speed of the driving motor is controlled by a centrifugal governor 

which can be manually adjusted by turning a knob on the end of the case. 

A meter calibrated in motor revolutions per minute and also a reed tachometer (see 5234) are 

provided for verifying the motor speed. The middle reed of the tachometer vibrates at maximum 

amplitude when the motor speed is 2,460 r. p. m., which corresponds to a velocity of sound in water of 

820 fathoms per second. The reed tachometer is more accurate than the meter. The instrument will 

accommodate a velocity of sound range from 760 to 880 fathoms per second. 

Since the calibration velocity of an echo-sounding instrument is a function of the motor speed 

(see 555), the instrument can be adjusted, under certain conditions, to record soundings based on the 

actual velocity of sound in the area. 

A book is provided which contains instructions relative to maintenance, service, 
operating difficulties, circuit tests, and tables of correct voltages and resistances, and 
lists spare parts by number. 

5223. Comparison With 808 Fathometer 

The following are, in summary, the outstanding features of the Simplex-Bludworth 
Fathometer that are not possessed by the 808 Fathometer: 

(1) A draft adjustment scale. 

(2) An indication of driving motor speed so that adjustments may be made to 

account for the actual velocity of sound at the time of making the survey. 
(3) The record is made along a straight-edged stationary bar giving a straight 

line record on paper with rectangular coordinates, eliminating contraction of the scale 
near the paper edges. 
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(4) The paper is held in true alinement with limiting rollers, thus avoiding the 
disadvantages of perforations. 

523. 808 FATHOMETER 

The 808 Fathometer is a semiportable, supersonic, graphic-recording, echo-sound- 

ing instrument designed for hydrographic surveying in shallow to moderately deep water 
from small vessels and launches. Its range is from 4 foot below the fish to 160 fathoms. 
This instrument is manufactured by the Submarine Signal Company of Boston, Massa- 
chusetts, from specifications prepared by the Coast and Geodetic Survey. Prior to 
the introduction of the 808 Fathometer, soundings had been taken from small boats 
and launches of the Coast and Geodetic Survey by using the leadline and wire sounding 
machines. ‘These methods were slow and at times inaccurate. 

FIGURE 100.—Launch hydrography using the 808 Fathometer. 

The salient features of the 808 Fathometer are: 

(a) It is a semiportable instrument that can be installed in any small boat without the necessity 

of cutting an opening in the hull, and without any complicated wiring or any of the other complica- 

tions of a permanent installation. 

(b) The instrument may be Herenently installed in any vessel by housing the transmitting and 

receiving units properly inside the hull. 

(c) The practical depth range is from the least depth in which the vessel or launch will float to 

160 fathoms under proper conditions. 

(d) Soundings may be recorded in fee or fathoms to accommodate the depth range and the 

types of submarine relief encountered. 

(e) The range of the scale of the record paper is 55 divisions (feet or fathoms), and by means of a 

phasing arrangement three other ranges may be recorded on the same scale, thus providing for an 

expanded scale covering a depth range of 0 to 160 (feet or fathoms). 

(f) A fast paper travel (about 2 inches per minute when recording in feet) to give a detailed record 

(g) The use of a facsimile paper with printed depth scales for graphic recording. The paper does 

not have to be moistened or chemically treated before or afterward, thus avoiding dimensional change. 
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(h) A fix marker by which any event (e. g., a sextant fix) may be recorded on the fathogram. 

(i) Supersonic magnetostrictive transmitting and receiving units. 

(j) A single 12-volt storage battery supplies all necessary power. 

The 808 Fathometer is composed of three separate units: a streamlined sub- 
mersible housing (called the fish) containing the acoustic transmitting and receiving 

units; a recorder cabinet containing the graphic-recording mechanism, keying mecha- 
nism, and the echo amplifier; and a 12-volt storage battery. All these units can be 
installed in or removed from a launch equipped for them in a short time at the beginning 
or end of the working day. The fish is secured over the side of the launch; the recorder 
cabinet is secured to a thwart or bulkhead in some protected part in the launch; and the 
batteries should be installed in a specially prepared wooden box lined with sheet lead. 

——w 7 

FIGURE 101.—Fish of 808 Fathometer mounted on hydrographic launch. 

5231. Acoustic Transmitting and Receiving Units 

The fish is a mahogany casing about 30 inches long by 8 inches square, projectile- 

shaped at the ends to ensure nearly streamlined motion through the water. The weight 

of the fish is about 80 pounds out of water and 30 pounds when submerged. A portion 

of the bottom of the fish is hollowed out and a brass casting inserted to support the 

magnetostrictive transmitting and receiving units. The underside of the casting is 

closed by two thin metal plates, through which small holes have been punched to allow 
the cavity containing the transmitting and receiving units to fill with water. The units 
are identical, each consisting of a bundle of rectangular nickel laminations. Each unit 
is approximately 6 by 4 by 3% inches in size. Each lamination is approximately 4 by 
3% inches by a few thousandths of an inch thick. Three rectangular openings are 
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punched in the laminations which, when assembled, resemble a transformer core. 
A few turns of rubber-covered wire are wound through the openings in such a way as to 

include most of the nickel in the field of the windings. The cores are so dimensioned that 
the entire unit has a natural frequency of vibration in water of 20 kilocycles. The 
units are installed so the 4-inch dimension is vertical and the vibration of the horizontal 
face of the transmitting unit, by the magnetostriction phenomenon, projects a beam of 

supersonic sound downward into the water. 
The receiving unit is aft of the transmitting unit in the fish. The two units are 

identical in every respect and may be used interchangeably. The separation between 
the units is only 9 inches, thus practically eliminating any error due to separation (see 
556), even for measurements of very shoal depths. 

The cables from the two units are led through two pipe fittings at the top of the 
brass casting, and thence pass through two pipes that are screwed into these fittings 

to form part of the supporting structure for the fish. These are rubber-covered, two- 
conductor cables, covered with a flexible woven metal shield. The cable ends are 
provided with plugs by which they are connected to the recorder cabinet. 

5232. Recorder Cabinet 

The recording mechanism is housed in a cabinet 21 inches long by 17 inches wide 

by 10 inches high; the cabinet is an aluminum casting, with a glossy black finish. This 
cabinet contains the entire recording apparatus, paper, echo amplifier, and phasing and 

keying circuits. The total weight of the cabinet and all contents is 103 pounds. The 
cabinet may be mounted on a vertical bulkhead or panel, or placed face up on deck or 

ona table. The main door of the cabinet is hinged on the left, as one faces it, and accord- 
ingly opens from right to left. This door is secured by two large wing nuts on the right 
side. A small glass door in the main door covers the record paper and exposes about 
2% inches of the fathogram before it is automatically wound on a take-up spool at the 

right. Looking at the record in this position, with paper moving toward the right, the 

profile of the bottom is disclosed in its natural position, that is, with the zero line, or 
sea surface, at the top of the record. 

This cabinet is sprayproof and the instrument is designed to be operated in rather 

severe weather, without harm to paper or mechanism. ‘The glass door, through which 
the fathogram is viewed, may be raised to permit access to the fathogram for making 

notations thereon, either with black or colored pencil, or with a fountain pen. An 
exhaust fan mounted in the cabinet removes the carbon dust formed on the paper and 
dissipates any heat in the cabinet. 

Controls and other devices located on the front of the panel are: the phasing dial, 
an index-adjuster knob, a gearshift for changing from feet to fathoms or vice versa, a 
reed tachometer, a governor adjuster, an amplifier sensitivity control, a 0- to 15-volt 
d-c voltmeter, a fix-marker button, and a switch to turn on the electric bulbs which 
illuminate the fathogram. On one side of the recorder cabinet is an off-on switch 

and two manual motor-speed controls, one for rough and the other for fine adjustment. 
On the left end of the recorder cabinet is a toggle switch by which the mark made on 
the fathogram by the transmitted signal may be greatly reduced in intensity. The 
three receptacles, into which the leads from the battery and transmitting and receiving 
units are plugged, are on this same end. 

The important parts contained in the recorder cabinet are: the driving motor 
and governor, recording mechanism, keying circuit, phasing mechanism, two motor 
generators, and the echo amplifier. 
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Part of the moving mechanism, consisting of the driving motor, governor, gear 
box, rotating stylus arm, and contactor, is mounted on the inner side of the door of 
the cabinet. The two motor generators are mounted in the bottom of the cabinet; 
one supplies 300 volts for part of the plate power of the amplifier; the output tubes, 
however, being supplied by a 350-volt generator which also actuates the transmitting 
unit. The driving motor operates a train of gears to rotate the stylus arm and to 
operate the contactor 11.18 times per second for sounding in feet, and at one-sixth that 

speed for sounding in fathoms, or 123 revolutions in 66 seconds. The rotating arm is 4.5 
inches long and carries at its end a stylus of fine piano wire, which sweeps in an arc 
across the fathogram paper. A condenser is charged continuously through a resistor by 

the 350 volts from the motor generator. Once each revolution, contactors are closed 

by the rotating arm, normally at the instant the steel stylus wire passes a point on 
the fathogram scale corresponding to the depth of the fish below the water surface. 
These contactors discharge the condenser into the magnetostrictive transmitter, pro- 
ducing a short pulse of vibrations at the rate of 20,000 per second, and thus the signal . 
is sent. 

There are two ways by which the position of the contactors in the cycle of rotation 
may be changed with reference to the zero of the fathogram scale. Small adjustments 
may be easily and quickly made, by means of a knurled knob, while the machine is 
running, so that the transmitted signal is made to record at exactly zero, or if desired, 
at a depth corresponding to the draft of the fish, thereby referring all recorded depths 
to the water surface. 

The position of the contactors is also changed when the phase is changed. The 
printed scale of the fathogram reads from 0 to 55—feet at high speed (11.18 soundings 

per second) or fathoms at slow speed. However, if the contactors are advanced, oppo- 
site to the direction of rotation, so that the signal is emitted the equivalent of 35 feet 

(or fathoms) before the stylus reaches the zero of the fathogram scale, the scale will 
then record depths from 35 to 90 feet (or fathoms). Advancing the contactors in this 

way is called phasing. It is accomplished simply by lifting a little knob on the face of 
the recorder and turning an arm to the phase desired. This knob has a plunger which 
drops into a hole to maintain the contactors at exact position for each phase. 

There are four phases in all, 0 to 55, 35 to 90, 70 to 125, and 105 to 160 feet (or 

fathoms), each phase overlapping.the preceding one by 20 feet (or fathoms) so that no 
soundings need be missed when changing from one phase to another. The shift in 
phase can be made quickly, in either direction. The transmitted signal is recorded 
on the fathogram on the first phase only, the 0 to 55 scale. Even then its recorded 
intensity may be greatly reduced by turning a switch, so that it will not interfere with 
the record of extremely shoal depths; for example, depths less than 3 feet under the fish. 

The magnetostrictive receiver is connected to the echo amplifier, located inside 

the recorder cabinet. The amplifier is a three-stage, tuned, push-pull type, completely 
shielded, containing six tubes having their 6-volt heaters grouped in three pairs in series 
on the 12-volt storage battery. With maximum gain the amplifier sensitivity is 0.2 
microvolt. A graduated gain-control knob is located on the front of the cabinet door. 
The echo is amplified until the third pair of tubes develops about 180 volts across an 
output transformer. This voltage is applied between the stylus and the metal platen ° 

under the paper so that a series of sparks of diminishing intensity pass through the 
paper at the time the signal is sent, and upon reception of the echo. These sparks re- 

move the gray coating leaving the black paper visible, as though a series of closely spaced 
" 4653824431 
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black dots had been made on the gray surface. The dots are scarcely distinguishable 

as such unless magnified and consequently the record appears as a rather broad band 
with more or less sharp and smooth contour at the top, the bottom of the band fading 

away gradually. ‘The intensity of the record is somewhat proportional to the strength 

of the echo. Figure 102 is a schematic wiring diagram of the amplifier and all other 
electric connections. 

9233. Fathogram 

The graphic record of an echo-sounding instrument is called a fathogram. The 
paper on which this is recorded on the 808 Fathometer is a standard type used for 
facsimile reproduction. It has a black body coated a light gray on its upper surface, 

the reverse side being metalized with aluminum or copper for the purpose of elec- 
tric contact. The paper is 7 inches wide and comes in 75-foot rolls on metal spools. 
The printed scale is 6%, inches wide, ruled horizontally into 55 divisions, each repre- 
senting 1 foot or 1 fathom, depending on which operating speed is used. Since the scale 
of equal divisions lies along the arc of a circle traversed by the rotating stylus, the hori- 
zontal graduations are closer together near the edges of the paper, but the distance 
between lines, measured along the arc, is % inch. The division lines are printed in 

red, and four numerical scales of depth, 0 to 55, 35 to 90, 70 to 125, and 105 to 160, 

are printed alternately in red and green on the gray surface. The numerals correspond- 
ing to the 0 to 55 scale are printed in large red figures, those for the 35 to 90 scale in 

large green figures, those for the 70 to 125 scale in small red figures, and those for the 
105 to 160 scale in small green figures. The four phases are indicated by the letters 
A, B, C, and D respectively, and at the shoal end of each scale the letter corresponding 

to the respective phase is printed in color and size corresponding to the numerals of the 
scale. The numerical scales are spaced about 1% inches apart and are repeated in the 
above sequence. Regardless of which phase is being used, a corresponding numerical 

scale will always be within 245 inches of any point of the record, facilitating easy reading. 
While the fathogram is being recorded, the corresponding numerical scale will not 
always be visible, however, since only about 2% inches of it is visible at a time. A 

notation of the phase in use must be made on the fathogram at the time. Depths 
recorded in fathoms are generally distinguishable from those in feet, the former usually 

being blacker and the trace of the stylus, along its natural arc, shorter. . 

The travel speed of the fathogram paper under the stylus is 2 inches per minute 
when recording in feet. Thus a 75-foot roll of paper will last 744 hours when sounding 
in feet, or 45 hours when sounding in fathoms. 

Unlike some types, this paper is used dry, requiring no treatment before or after 
recording. The new roll is installed in a holder beneath the stylus arm, whence the 

fathogram paper passes to the right across the recorder platen to an automatic take-up 

spool. These roll holders are secured to the inside of the cabinet door and are readily 

accessible when the door is opened. 
Neither excessive heat nor humidity materially affects the dimensions or the color 

of the paper. Aging tests show that the quality of the paper and the permanence of 

the record are satisfactory. Tests were made to determine the dimensional change 
in the paper with variations in humidity. From very dry to normal humidity the 

change in width was 0.6 mm; from dry to saturation by steam it was 1.5 mm. In 

terms of the fathogram scale this would mean a maximum of 0.5 foot in 55 feet, or 0.5 
fathom in 55 fathoms, or slightly less than 1 percent change, under extremes probably 

never encountered in practice. 
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Carbon rubs off the record to such a degree that objects with which it comes in 
contact, or one’s hands, are soiled. | 

Holes a half-inch apart are punched along both edges of the paper. The holes 
along the top are circular, while those along the bottom edge are elongated. These 
holes engage the teeth of the sprocket roller whose purpose is to move the paper across 
the recorder platen. This sprocket roller is driven by a shaft directly geared to the 
same motor that rotates the stylus arm. It is impossible for this roller to rotate, and 
thus for the paper to travel, slower than at the correct proportional speed. 

However, the sprocket roller is free to rotate around the shaft at a faster speed 
than the correct one. The take-up roller is driven from the sprocket-roller shaft by a 
coil-spring belt so adjusted that it will slip. If this adjustment is so tight that it 
does not slip as intended, the paper can be drawn across the platen by the take-up 
roller instead of by the sprocket roller, in which case the paper travel is at too fast a 
speed. 

The paper must lie flat on the platen, and must be properly centered so that 
the teeth of the sprocket roller engage the holes cleanly, without mutilating the holes. 
When a new roll of paper is placed on the instrument it may be necessary to adjust 
the take-up roll, or the feed roll, or both. This adjustment is accomplished by first 
loosening the locknut on the end of each roller and then turning the adjustment knob 
until the paper is properly alined, after which the locknut is tightened. When the 
paper is properly adjusted, arcs drawn by the stylus should correspond with the printed 
arcs on the paper. If they fail to do so by an appreciable amount, either the printed 
scale is wrong or the instrument is not of standard construction. 

This paper is distributed by the Submarine Signal Company, and the type in 

present use is known as 15U. 

5234. Motor Speed: Tachometer 

The motor driving the recording mechanism operates from 12 volts direct current 
and is rated at Yoo horsepower at a speed of 4,026 r.p.m. This motor speed is normally 

controlled by means of a governor, but a manual control is also provided, selection 
being made by means of a switch. The governor is a centrifugal type, attached to 

one end of the motor frame. <A reversing switch automatically changes the direction 
of the current through the governor contacts and the motor once each revolution of 
the sprocket roller. This eliminates pitting of the governor contacts and they need 
attention only about once each season. 

Slight adjustments may be made to the governor by means of a knob located on the 
face of the recorder cabinet. By this the governor may be adjusted to operate at the 
calibration speed of the instrument. The manual control may be substituted in the 

event of governor failure. ‘Two knobs control resistors in series with the field of the 

motor. One knob is for coarse and the other for fine speed adjustment. 

For accurate results the motor must always rotate at calibration speed and it is 
essential to be able to verify this continuously. A Frahm vibrating-reed type of tachom- 
eter, located on the face of the cabinet where it is always in view of the operator, 
provides the means for this verification. The tachometer is composed of seven reeds; 
the middle reed, vibrating at maximum amplitude, indicates the correct motor speed for 
the calibration velocity of sound in sea water of 820 fathoms per second. The three 
reeds to the right and left indicate speeds too high and too low, respectively, by 0.75, 
1.5, and 5.0 percent. These percentages are also applicable to the tachometer used in 
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the 312 Fathometer, although the reeds have different vibration frequencies. The 
tachometer is enclosed in a case to protect the reeds from injury. It is equally effective 
as a speed indicator when sounding in either fathoms or feet. If the motor speed changes 
from any cause, the reeds indicate the direction and degree of change, thus aiding in the 
readjustment of the governor or in the use of manual control. The various values for 
the seven reeds in this tachometer are given in table 13. 

TaBLE 13.—Tachometer reed values for 808 Fathometer 

Left Middle Right 

NCC CIBIN OS ee La eee ete oe Fa ek ee 1 2 3 4 5 6 7 

Percentage from normal___.____._--_-- = 59) = 1% =f. 0 +%| +1% +5 
Frequency of vibration (in cycles)_______ Gstud 66. 1 66. 6 Otol 67. 6 68. 1 70. 5 
Motor revolutions per minute__________ 3, 825 | 3, 966 | 3,996 | 4,026 | 4,056 | 4, 086 4, 227 
Equivalent velocity of sound (in fathoms) | 779 808 814 820 826 832 861 

5235. Batteries 

One heavy-duty 12-volt storage battery, or two heavy-duty 6-volt batteries, of 
200-ampere-hours capacity or more, should be used to furnish the power for the instru- 
ment. This capacity should suffice for 15 hours’ continuous operation. The current 
drain of the battery is 11 amperes. The battery voltage can be checked constantly, 

while the instrument is in use, by means of the voltmeter on the cabinet. The battery 
voltage may vary between 9 and 15 volts without interfering with the operation of the 
instrument. 

After each day’s operation the battery should be recharged. The charging current 
should be about 15 amperes and it should be charged for about the same number of 
hours the instrument was in operation. At the end of the charging period a hydrometer 
test should be made to see if the battery is sufficiently charged. Since the charging rate 
and hours of charging required will depend on the age and condition of the battery, it 
will be necessary to alter them from time to time. Facilities should be arranged so that 
the batteries can be recharged without removal from the launch. [If it is desired to 

charge the batteries while the instrument is being operated, the battery-charging unit 

must be arranged so that it does not interfere with the operation of the instrument; for 

this purpose it may be necessary to use a filter between the charger and the battery. 
In remote regions a spare set of batteries should be carried in each launch. 

59236. Installation of Acoustic Units 

The method of securing the fish (see 5231) to the side of the launch will vary with 

the dimensions of the vessel, making it impracticable to design one supporting structure 
for use on launches of various sizes and designs. The following description of an installa- 

tion used on one of the launches of the Coast and Geodetic Survey is intended to illus- 
trate one of the possible ways of supporting the fish. This method with slight modifica- 
tions might be used on launches of different design. 

With reference to figure 103, the two vertical supports are 1%-inch extra-heavy 
brass pipe, threaded at each end. The lower ends screw into the pipe fittings on the 

fish and the upper ends are screwed into 14-inch brass tees. A 1%- by 3-inch brass 
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nipple and a 90° brass elbow are screwed into each of the tees, which are connected 
horizontally by a short length of 14-inch brass pipe screwed into the elbows. 

The horizontal members that are secured to the deck support most of the weight of 

the assembly. These members are made of 2- by 3-inch angle iron; they are fastened 
to two - by 3- by 26-inch iron plates which are secured to the deck by lag screws. The 
outer ends of the angle irons project slightly beyond the side of the launch and secured 
to them is a %- by 6- by 22-inch iron plate. The vertical pipes supporting the fish pass 
through two 1%-inch holes, 15 inches between centers, in this plate. Each pipe passes 
through two loose brass collars, one above and one below the iron plate. The support 
of the fish is secured in place by means of set screws through the brass collars. This 

arrangement provides for a vertical adjustment of the position of the fish. 
Just above the waterline is another hori- 

zontal support to secure the vertical structure 
to the side of the launch and prevent lateral 
movement of the fish. This support consists 

of two 14-inch brass side-outlet tees, three 

short lengths of 14-inch brass pipe, and two 
brass deck flanges with closed nipples. The 
tees are drilled so they will slide freely over 
the vertical pipes. Two setscrews in each tee 

are used to clamp the pipes in place. The 
deck flanges are secured to the side of the 
launch so that their nipples are horizontal. 
The outer ends of the horizontal pipes screw 
into the tees, and the inner ends slide over 

the nipples of the flanges to which they are secured by pins through holes drilled 

through the pipes and nipples. 

Guys leading forward and aft are secured to the vertical pipes by means of clamps 
located just above the fish. The guys are \-inch stranded wire. A safety line attached 
to a %-inch bronze eyebolt in the top of the fish is fastened to a cleat on deck.- The 
electric cables from the transmitting and receiving units pass through the vertical pipes 

and pass out of the upper tee openings. 
To install the fish, the assembly is lowered over the side and the angle irons are 

bolted to the deck plates. The lower horizontal pipes are then slipped over the deck 
flange nipples and pinned. If the draft of the fish is not suitable it may be adjusted by 
loosening the setscrews in the upper clamps and the lower side-outlet tees, and raising 

or lowering the fish. The fore-and-aft guys are then fastened on deck and made taut 

by means of turnbuckles. The safety line is fastened and finally the electric cables are 
connected to the recorder cabinet. 

Where the 808 Fathometer is installed permanently in a vessel, the magneto- 
strictive elements are removed from the fish and installed in tanks located against 

the inside skin of the vessel. 

FIGURE 103.—Support for fish of 808 Fathometer. 

5237. Operation 

In actual field operations, depths from a half-foot below the fish to 160 fathoms have 
been recorded. For launch hydrography it is used principally in depths less than 100 
fathoms. Where sounding in shoal or moderate depths over comparatively even 
bottom, a record in greater detail may be obtained by using the fast speed and the scale 
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in feet. Both the vertical and horizontal representation are at a scale six times that 

obtained when sounding at slow speed in fathoms. Where the bottom is very irregular, 
with frequent and rapid changes in depth, the fathom scale should be used in depths 
greater than 50 feet, thus avoiding the frequent changes of phase which would be 
necessary on the scale in feet (see 3112(d)). On the fathom scale the changes of depth 
are not so exaggerated and can usually be followed without difficulty. The possibility 
of missing a pinnacle rock during a shift in phase is also eliminated. 

It is important that the sensitivity control always be kept at the highest value at 
which the instrument can be operated without introducing strays. The recorded value 
for a given depth may be changed by as much as 2 feet in some cases by changing the 

sensitivity control from one extreme to the other. This condition is inherent in all 
echo-sounding instruments, but in any case the variation in time lag is less at higher 

values of echo-amplifier gain and by keeping the gain control near the maximum the 
recorded soundings will more nearly approach the true depths. (See 5163.) 

To save time the fish should be left installed between successive days of hydrog- 
raphy unless it is exposed to damage by so doing. For optimum operation of the 
instrument, the magnetostrictive elements of the fish must be saturated with water. 
If the fish, or if the launch and consequently the fish, is removed from the water, these 
elements dry out and must be soaked in water for a half-hour before use in sounding. 
On one ship, where the launches were hoisted at night, the elements were kept saturated 
by placing a watertight canvas sack, filled with water, around the fish so that it was 
ready for use the instant the launch was lowered into the water. 

The fish should be examined periodically to determine whether any dirt or marine 
growth has accumulated in the magnetostrictive-element housing. This inspection 

can be made by removing the two diaphragms from the bottom of the fish. In cleaning 
the elements, care should be taken not to injure the nickel laminations or the rubber- 
covered wire. 

The recorder should be run for a warm-up period of 15 to 30 minutes before sound- 
ing or making a bar check (see 557). It should be operated in the fathom position for 

this purpose to conserve paper. This warm-up run may be made before the launch is 
lowered, if it is expected that it will be wanted for sounding, or a bar check, immediately 

after lowering. 
The following spare parts should be kept on hand for each instrument: (1) styluses; 

(2) spare tubes, two each of types 1851, 1853, and 6/6; (8) brushes (for motors and 

generators); (4) a governor; (5) fathogram paper. 

Major repairs should not be attempted while the instrument is in the launch, 

except in emergencies. Excluding minor matters, repairs should be made only by quali- 
fied ‘:persons. 

a. Lubrication.—Every 3 weeks the gear-box cover should be removed and the 
gear train inspected to see if it is properly lubricated. If any gears appear dry “Singer 
Motor Lubricant” or a good soft sodium-base cup grease should be applied lightly with 

a smooth stick. 
Once each month the grease plug on each end of the driving motor should be re- 

moved and a small amount of the same lubricant used in the gear box should be added. 
Every 2 months, or when the dynamotors show signs of binding, the grease plugs 

should be removed and lubricated with one of the following lubricants: Master Lubri- 

cants Company—Lubrico M6; or New York and New Jersey Lubricant Company— 
F927; or Standard Oil Company—G5990. 
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b. Cleaning.—Before each day’s operation, the inside of the recorder cabinet 
should be wiped clean with a dry rag, and the metal recorder platen rubbed to a polish. 

Every 3 weeks the governor and keying contacts should be inspected and cleaned. 
The contact surface should be filed flat, and if there is evidence of bad pitting, the gov- 

ernor should be renewed. 
Every 2 months the driving motor and dynamotor brushes and commutator should 

be inspected for wear. The commutator should be smoothed with a fine grade of sand- 
paper (emery must not be used), and the brushes renewed if necessary. After new 
brushes have been installed, the instrument must be run for 2 hours to wear them in 

properly. 
5238. Operating Difficulties 

An 808 Fathometer operating so as to give inaccurate or unsatisfactory results, 

generally, but not always, gives evidence of this on the fathogram. But it should be 
noted that a number of unrelated difficulties manifest themselves in the same way. A 
lack of soundings, inaccurate soundings, or unsatisfactory results may be caused by one 

of the following: 

(a) A poor connection or shorting of the cables from the fish, or battery, evidenced by no sound- 

ing or continuous marks across the fathogram. 

(b) Improper pressure of the stylus on the paper, evidenced by no record, torn paper, or a succes- 

sion of hiatuses of short intervals in the record. 

(c) Dirt or carbon on the metal platen under the paper, evidenced by horizontal marks throughout 

the fathogram. 

(d) Improper echo-amplifier operation, evidenced by the transmitted signal or the echo, or both, 

being recorded weakly, or not at all; or by a continuous black mark across the fathogram. 

(e) Improper operation of the contactor mechanism, evidenced by a jagged record of the trans- 

mitted signal and echo, a sudden equal change in the recorded position of both, or the entire absence 

of signals. 
(f) Defective parts or connections, evidenced by irregular record, lack of record, or continuous 

marks across the fathogram. 
(g) Play in the phasing head, evidenced by a sudden change in the recorded position of the 

transmitted signal and echo. This should be tested by attempting to move the head by hand. Such 

a fault can be temporarily remedied by inserting three paper shims between the phasing head and its 

holding ring, placing the shims about an equal distance apart. The head must not be made so tight 

as to prevent index adjustment. 

(h) Continued marking of the stylus after depression of the fix-marker button. This is ordinarily 

not caused by the button sticking, but by oscillation of the amplifier after the button has been re- 

leased. The remedy is to turn the gain control down momentarily in order to stop the oscillation. 

In addition to the difficulties that are evidenced on the fathogram, there are a 
number of operational troubles which may occur and most of which have occurred on 
one or more of the instruments in use. Some of these difficulties are still being analyzed 
and it is expected that the redesign of certain parts may eliminate them. 

(i) Trouble with the governor or keying contacts—the contacts should be filed occasionally to 

a uniform surface and the keying contacts or the entire governor renewed if the trouble is not eliminated 

by filing. 
(j) Improper operation of the reed tachometer resulting in loss of necessary definition. This may 

be caused by excessive vibration of the cabinet by external forces. The recorder cabinet should be 

supported on Lord mounts, type 200-X PH-60, or some shock-absorbing material, such as rubber. ' 

(k) Lack of amplifier gain or unsteady operation may be caused by defective type 1851 or 1853 

vacuum tubes. These types of tubes have occasionally functioned erratically; they should be tested 

for emission and be subjected to a mechanical shock by being rapped sharply during the emission tests. 

(l) Damage to gears by reason of imperfect design or alinement. The driving motor has been 

known to become loose on its mounting, which might account for the improper meshing of the gears. 
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(m) Faulty echo-amplifier gain-control operation—caused by salt water running down the gain- 

control shaft. This may be prevented by sliding a rubber sleeve over the gain-control shaft so the 

water cannot get to the gain-control resistor inside the cabinet. 

(n) Lack of high d-c voltage from either of the generators—may be caused by worn brushes or a 

dirty. commutator on either the motor or generator end of the unit. 

_ (0) Leaky cable connectors—caused by salt encrustations. The interior part of the connector 

plugs should b2 removed and cleaned. Future trouble of this nature can be prevented by wrapping the 
plugs with rubber tape at the joints. When the fish is stowed on the open deck a cap provided for the 

purpose should be screwed over the ends of the plugs to prevent salt water entering the openings. 
(p) Disagreement of soundings recorded on different depth phases, in depths falling within 

the overlap between these phases. This is because of mechanical imperfections in the phasing 

mechanism. ‘The amount of this discrepancy should be determined by an accurate bar check (see 557) 

in smooth water, or by comparative soundings from a stationary vessel at a place where the bottom is 

smooth and flat and in calm water. The results of the tests should be adequate for use in correcting 

the soundings for any such errors. Corrections should be made by reference to phase A. Since any 

such error is due to a mechanical fault, its effect on the recorded depths is six times as great for depths 

recorded in fathoms as for those recorded in feet; that is, if the error for a certain phase on a certain 

instrument is % foot for a fathogram in feet, the error for the same phase and instrument will be 4 
fathom for a fathogram in fathoms. 

(q) The take-up fathogram roll is driven by a coil-spring belt from the shaft on which the sprocket 

roller rotates. The tension of this belt is critical. If the coil-spring belt breaks or loses its tension, 
it must be replaced with a standard replacement part; neither any other type of belt nor a repaired 

coil-spring belt can be used. The tension must be such that the paper will be tightly rolled on the 

take-up roller, but so that the belt will slip and never cause the fathogram to travel faster than the 
sprocket roller moves it. (See also 5233 and 5554.) 

524. Dorsrty FATHOMETER No. 1 

The Dorsey Fathometer No. | is a shoal-water, supersonic, visual type of echo- 
sounding instrument. Its depth range is from a few feet to 150 fathoms, although 40 
fathoms is about the maximum to which it is normally used in hydrography. Numerous 
features have been incorporated in the instrument to make it capable of measuring shoal 
depths with great accuracy, especially for hydrographic surveying. The most important 
of these features are: 

(a) The use of supersonic frequencies, facilitating shoal measurements. 

(b) A combined transmitting and receiving unit, known as a transceiver, to eliminate the separation 

error. 

(c) High damping of the transceiver to suppress persistent diaphragm vibration, which is a 

deterrent to shoal-water soundings. 

(d) An efficient high-gain echo amplifier, especially designed to be stable and capable of rapid 

recovery from excessive input voltages. 

(e) Tuning-fork control of the indicator-motor speed to better than 99.9 percent of the correct 

value, thus eliminating errors from this source. No adjustment of the motor speed is necessary. 

(f) Photoelectric tube keying to eliminate moving contacts with their inherent time variations. 

(g) An expanded depth scale so that readings can be estimated to 9 foot under ideal conditions. 

(h) Soundings at the rate of 20% per second are spaced only a few inches apart along the bottom, 

even at high vessel speeds. 

The operation of the Dorsey Fathometer No. 1 is illustrated schematically in figure 
104. The operating cycle in producing a sounding can be traced as follows: A beam of 
light reflected from a rotating mirror strikes a photoelectric tube which, by its photo- 

electric action in conjunction with associated circuits, activates a vacuum-tube oscillator 
for a fraction of amillisecond. The amplified electric oscillations energize the magneto- 

strictive transceiver, which transmits a supersonic sound signal. The echo is received 
on the same transceiver and amplified by the echo amplifier to a sufficient voltage to 

4653824432 
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flash the neon tube in the indicator, thereby registering the depth. This cycle is re- 
peated at the rate of 2045 times a second, resulting in as many soundings per second. 

The Dorsey Fathometer No. 1 is composed of four separate parts: the transceiver, 
echo amplifier, indicator, and power supply. The transceiver, echo amplifier, and power 

supply are nearly identical in circuit arrangements with those of the Dorsey Fathometer 
No.3. The functions of these parts are mentioned only briefly here, their construction 
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FIGURE 104.—Schematic operating diagram of the Dorsey Fathometer No. 1. 

and functions being described in detail in 526 where the Dorsey Fathometer No. 3 is 
described. 

5241. Transceiver 

The transceiver, or combined transmitting and receiving unit, operates on the 
magnetostriction principle. It is a diaphragm type, intended for use in direct contact 
with sea water, which requires that it: be fitted into an opening cut in the bottom of 

the vessel. It is relatively inefficient in energy conversion but possesses other qualities 
favorable to shoal-water sounding. Back of the diaphragm are a number of nickel 
tubes, which form the magnetostrictive element. Their physical dimensions are such 
that they are broadly resonant at 17.5 kilocycles. A coil is wound around each nickel 
tube to furnish the necessary magnetomotive force for transmitting, these same coils 
introducing a voltage in the echo amplifier when the echo impinges on the diaphragm 
of the transceiver. 

The transceiver installed in a hull mounting is shown in figure 105. 
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Power to operate the transceiver is furnished by a 17.5-kc vacuum-tube oscillator 
and an accompanying vacuum-tube power amplifier. In addition to the 17.5-ke 
alternating current, there is a d-c polarizing current of about 1.75 amperes flowing 
continuously through the transceiver. The purpose of this direct current is to prevent 

FORWARD 

DISTANCE BETWEEN FRAMES 

: pe ii \ 

FIGURE 105.—Magnetostrictive transceiver mounting. A. Transceiver housing. 8B. Diaphragm. C. Hull mounting. 

D. Hull plate. E. Fairwater——cement or steel plate. 

double periodicity of the transceiver and to furnish the magnetomotive force used in 
the reception of the echo. (See also 5261.) 

5242. Echo Amplifier 

The echo amplifier amplifies: the feeble voltage generated across the terminals of 
the transceiver when an echo is received; it embodies a superheterodyne circuit capable 
of high gain, and has a high degree of stability and frequency discrimination. The 
output voltage of this amplifier operates the grid of a type 884 gas-discharge tube, 
which in turn flashes the indicator neon tube. This amplifier is similar to that used 
in the Dorsey Fathometer No. 3, except for mechanical details, and except for the 

fact that no headphone outlet is provided. 

5243. Indicator 

The visually indicating device of this Fathometer is housed in a black-finished 
metal cabinet, 10 by 10 by 5 inches in size. The front of the cabinet contains a cir- 
cular opening, fitted with a glass on which are the circular depth scales, one divided 
into foot intervals and the other intc fathom intervals, up to 20 fathoms. On the 
lower left-hand rounded edge of the cabinet are two toggle switches. The front switch 
is for starting and stopping the motor generator that supplies a-c power to the Fath- 
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ometer, and the rear switch is for starting and stopping the auxiliary starting motor, 
whose purpose is to bring the synchronous driving motor up to synchronous speed. 
On the lower right-hand edge of the cabinet is a push button by which the starting 
motor and the synchronous motor are engaged. The parts included in the cabinet 
are: the synchronous motor, starting motor, stroboscope starting lamp, circular neon 

tube, and the index disk. 

The synchronous motor is of the reluctance type. The rotor has 100 teeth around 

its periphery, their slots being parallel to the axis of rotation. An annular channel, 
cut in the central disk of the rotor, is filled with mercury, its purpose being to dis- 
courage hunting, or the minute variations in speed of rotation due to acceleration and 

deceleration caused by electromechanical instability. 
The stator consists of three U-shaped pole pieces, spaced 90° apart around the 

rotor. The teeth of the stator are identical in size to those of the rotor. An energiz- 
ing coil is wound around each pole piece in such a manner as to permit the maximum 

flux to pass between the stator and rotor teeth. The relation of the speed of rotation 

= at: 2F a 
to the frequency of the energizing current is given by N =F (for no polarizing cur- 

rent); in which N=the number of revolutions per second, F=the frequency of the 

energizing current in cycles per second, and 7’=the number of teeth in the rotor. In 
the case of the Dorsey Fathometer No. 1, F=1025 cycles per second, and T=100 
teeth; therefore, N=20.5 revolutions per second. 

A small universal motor is used to bring the non-selfstarting synchronous re- 
luctance motor to speed. The two motors are engaged by friction coupling. A neon 
stroboscope aids in synchronizing this motor. The neon lamp of the stroboscope is 
operated by current from the tuning fork which drives the synchronous motor—this is 
1025-cycle current. Light from the neon lamp illuminates the teeth of the rotor so 

that at synchronous speed these teeth appear to be stationary. 
The thin aluminum index disk attached to the synchronous motor is 8% inches in 

diameter. An index, shaped like the ace of spades, is cut in. this disk, with the pointed 
end adjacent to the depth scale. The disk rotates between the back of the depth 
scale and a circular neon tube which is concentric with the depth scale. From a view- 
point in front of the indicator, the entire neon tube is hidden by the disk, except that 

part exposed by the index slot. When the neon tube flashes at the instant an echo 
is received, the illumination of this tube appears through the index dlot alongside the 
depth scale at a point corresponding to the depth. 

A photoelectric tube, a source of light, and a rotating mirror form part of the 
keying circuit. The photoelectric tube and a 6- to 8-volt incandescent lamp are 
located on the top of the indicator cabinet, protected from stray light by metal shields. 
The light from the lamp passes through a hole in the top of this cabinet and is focused 
on a rotating concave mirror attached to the synchronous driving motor. This light 

is then reflected back to the photoelectric tube through a second hole in the top of 
the cabinet. Once each revolution of the driving motor the light reflected 
from the mirror falls on the photoelectric tube. At the point in the cycle where the 
emission of the acoustic signal is desired, usually at a point on the depth scale corre- 
sponding to the ship’s draft, the mirror must be in a position to reflect the light beam 
onto the photoelectric tube. The voltage output of the photoelectric tube is then 
amplified to actuate a type 884 gas-filled discharge tube. One of the characteristics 
of this latter tube is that it delivers a relatively large amount of current in a very 
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short interval of time. As previously mentioned, an echo-sounding instrument for 
use in shoal depths should have a transmitted signal of very short duration. This gas 
tube is one of the features making this possible. The relay action of this tube allows 

the 17.5-ke vacuum-tube oscillator to oscillate for a period of approximately 0.0007 
second (0.7 millisecond). . 

By means of a control that changes the time constants of the type 884 keying tube 
circuit, a signal is transmitted only on alternate revolutions. This is to prevent inter- 
ference between the transmitted signal and the echo in depths slightly greater than 20 

fathoms. 
The speed of rotation of the synchronous driving motor depends on the frequency 

of the electric power supplied to it. For utmost accuracy in sounding, the frequency 
of the supplied power must remain constant. This is accomplished in the Dorsey 
Fathometer No. 1 by means of a tuning fork (see 51650). The vibration of the tuning 
fork is electrically maintained by a vacuum-tube circuit, whose output voltage is ampli- 
fied sufficiently to drive the motor. 

5244. Power Supply 

The power supply is housed in a metal frame rack. Included with the power 
supply are such parts as the 17.5-ke oscillator and amplifier, the tuning-fork circuits, 

the polarizing rectifier and filter, and the high-voltage and bias rectifiers and filters. 
This Fathometer is operated by power derived from the ship’s 110-volt d-c supply, 

which is converted to 110-volt 60-cycle alternating current by means of a 1.5-kva 
rotary converter. The total power consumed is approximately 1,000 watts. 

5245. Operation 

The procedure in preparing the Dorsey Fathometer No. 1 for sounding is as follows: 
The front toggle switch on the left corner of the indicator cabinet is moved to the up 
position; this action starts the d-c to a-c rotary converter which furnishes the power to 
all parts. After an elapsed time of less than a minute a 2050-cycle sound will be heard 
in the indicator. The rear toggle switch on the lower left-hand corner of this cabinet is 
then thrown to the up position, starting the starting motor. The hinged door on the 
right side of the cabimet is opened so that the synchronous motor rotor and stroboscope 
neon lamp may be viewed. The push button on the lower right-hand edge of the cabi- 

net is then pressed to engage the starting motor and the synchronous motor. These two 
motors are kept engaged until the latter motor has reached synchronous speed, which 
is 1,230 r.p.m., and which is indicated by the teeth of the rotor, illuminated by the neon 
tube, appearing stationary. When these teeth first become visible, the push button of 
the starting motor should be given a series of pushes at the rate of about one per second 
until synchronization of the motor occurs. 

Caution must be observed not to synchronize the motor at half-synchronous speed. 
At half speed the teeth of the rotor will appear to be stationary under the stroboscopic 
ilumination, but with much less definition. It will also be much more difficult to syn- 

chronize the motor at half speed. To guard against this the rotor teeth should be 
watched from the starting of the motor until it reaches final synchronous speed, noting 
first when the rotor teeth appear stationary, but keeping the motors engaged until this 
occurs a second time, when the correct synchronous speed has been reached. Sufficient 
practice will enable one to start the motor, without the use of the stroboscope, by listen- 
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ing for the decreasing beats between the sound made by the rotor teeth and the 2050- 

cycle sound, synchronization of the motor occurring when the beats are no longer heard. 
The Fathometer is now ready for sounding. The gain control on the front of the 

echo amplifier should be adjusted to as high a value as practicable without causing 
strays and an excessive number of multiple echoes. 

525. DorsEY FATHOMETER No. 2 

The Dorsey Fathometer No. 2 is a combined sonic and supersonic visual-type of 
echo-sounding instrument, designed to supplement the Dorsey No. 1, and for measure- 

ments in moderately shoal to deep depths. It incorporates some of the accuracy fea- 

tures of the Dorsey Fathometer No. 1 and the depth range of the 312 Fathometer. 

The Dorsey Fathometer No. 3 has now superseded the Dorsey No. 2 because it com- 

bines the features of the Dorsey No. 1 and Dorsey No. 2. For this reason the Dorsey 

Fathometer No. 2 is described only briefly. 

The transceiver, one of the echo amplifiers, and the power supply of the Dorsey No. 

2 are very similar to those of the Dorsey No.1. The echo amplifier of the Dorsey No. 2 

is provided with an audio outlet, making it possible to listen to the returning echo with 

headphones. The principal differences between the two systems are in the indicating 

mechanisms, and the incorporation of the 312 Fathometer system in the Dorsey 

Fathometer No. 2. The parts of the 312 Fathometer (see 521) which are used in 

conjunction with the Dorsey No. 2 are the oscillator, the 525-cycle motor generator, 

hydrophones, and the 1050-cycle echo amplifier. 

There are two concentric depth scales; the outer graduated from 0 to 100 fathoms, 

and the inner from 0 to 1,000 fathoms. One neon tube serves for both scales, its 

light being refracted to the inner scale by means of a prism rotated on a radial arm. 

An annular disk, carrying the index, rotates between the circular neon tube and the 

100-fathom scale at 4.1 revolutions per second, and the radial arm, carrying the 

prism, rotates inside the disk, just behind the 1,000-fathom scale, at 0.41 revolutions 

per second. The arm and disk are geared to the same tuning-fork controlled reluctance- 

type synchronous motor, the speed of which is 4.1 revolutions per second. 

The selection between the two scales of the dial is made by throwing a toggle 

switch on the inside of the indicator cabinet. This selects the photoelectric tube keying 

circuit associated with one of the two depth scales. A selector switch mounted along- 

side the cabinet makes the necessary circuit changes from the sonic to the supersonic , 

system or vice versa. 

The supersonic system utilizes circuits similar to those in the Dorsey Fathometer 

No. 1 and is used for the shoaler depths, while the sonic system is operated through 

circuits similar to those used in the 312 Fathometer and is used for the deeper depths. 

526. Dorsey FATHOMETER No. 3 

The Dorsey Fathometer No. 3 is a combined sonic and supersonic visual-type 

sounding instrument, designed for depth measurements from a few feet to several 

thousand fathoms. This instrument is an outgrowth of the Dorsey No.1. It embodies 

all the principles of the Dorsey No. 1, and is essentially the same instrument with the 

addition of certain equipment, similar to the Dorsey No. 2, to extend the depth range 

to deeper water. Certain parts, such as the echo amplifier, power supply, and trans- 
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ceiver, are nearly identical with those in the Dorsey No. 1. The major differences are 
in the indicating mechanism, and the addition of certain features of the 312 Fathometer. 

The several parts of this Fathometer are the transceiver, filter junction box, echo 
amplifier, indicator, power supply, and certain parts of the 312 Fathometer system 
(see 521). The latter are the 525-cycle motor generator, 1050-cycle oscillator, hydro- 

FIGURE 106.—Sounding with the Dorsey Fathometer No.3. The indicator cabinet with its three scales may be seen above the open 

record book, with the amplifier below it. 

phone, echo amplifier, and all the necessary operating controls. A circuit diagram of 

this instrument is shown in figure 107. 

5261. Transceiver 

The transceiver (fig. 105) is a»smagnetostrictive diaphragm-type unit which is fitted into an 

opening cut in the bottom of the vessel in such a way that the entire diaphragm is in contact with 

sea water. The steel diaphragm is 14% inches in diameter, back of which are 19 short nickel tubes 

that press against the inner side of the diaphragm. A coil is wound around each nickel tube so that 

when energized by a 17.5-ke current and a steady polarizing direct current, these tubes contract and 

expand in unison 17,500 times per second, causing the diaphragm to vibrate at this frequency. 

Conversely, the vibration of the diaphragm, caused by the variation in pressure of received sound of 

this frequency, expands and contracts the nickel tubes, inducing an electric current in the coils wound 

around them, which in turn produces a voltage across the coil terminals. The rectified polarizing cur- 

rent required to operate the transceiver is introduced through a filter which serves the dual purpose 

of preventing the 17.5-ke current from getting back to the rectifier circuit, and of eliminating strays 
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by protecting the transceiver from spurious electric noises arising in the rectifier circuit. This filter 
is housed in a watertight cast-metal box, size 10% by 10% by 8 inches, known as the filter junction boz. 

The transceiver is energized by 17.5-kc power generated by a vacuum-tube oscillator and amplified 

to about 150 watts. A push-pull electron-coupled oscillator, employing type 59 tubes, generates the 

oscillations. The 17.5-ke frequency of the oscillator is determined by an inductance-capacitance 

combination, and can be varied through a range of a few kilocycles by means of a variable condenser. 

The oscillator is followed by an intermediate amplifier composed of two type 807 tubes arranged in 

push-pull. This stage is, in turn, coupled to the last power-amplifier stage formed of four type 838 

‘tubes arranged in push-pull parallel. The plate circuits of these tubes are coupled to the transceiver 
by means of a transformer whose secondary is tuned to 17.5 kilocycles by means of a series 0.012 micro- 

farad condenser located in the filter junction box. Both amplifier stages are biased beyond cutoff 

and may be considered as class-C amplifiers. The oscillator and power amplifier are located in the 

top compartment of the power supply. 

5262. Echo Amplifier 

The echo amplifier is housed in a metal case, size 23% by 13% by 13 inches, so arranged that it is 

accessible either by lifting a cover or by pulling out the entire subassembly in very much the same 

way a drawer would be pulled out. The estimated total weight of the echo amplifier is 140 pounds. 

The echo amplifier employs a superheterodyne circuit, designed so that the 17.5-ke echo voltage is 

first amplified to some extent and then is increased in frequency to 175 kilocycles, at which frequency — 

it is amplified further. The input transformer which couples the transceiver to the first type 6K7 

amplifier tube is tuned to 17.5 kilocycles. In the plate circuit of this tube is another transformer 

tuned to the same frequency, which couples it to the type 6/7 detector tube. In the control grid 

circuit of the type 6/7 detector, voltages of two frequencies are mixed—the 17.5-ke echo voltage is 

mixed with that from a separate oscillator whose nominal frequency is either 157.5 or 192.5 kilocycles. 

A 17.5-ke echo voltage when added to a 157.5, or subtracted from a 192.5-ke voltage, through the detec- 

tor action of the type 6/7 tube will result in a 175-ke voltage. This 175-ke voltage is amplified by 

the succeeding two type 6K7 tubes, in whose plate and grid circuits are coupling transformers tuned 

to 175 kilocycles. The last tube of the amplifier is a detector, by whose action, in conjunction with a 

low-pass filter, the 175-ke voltage is eliminated, leaving the rectified envelope of the echo signal. 

By means of a “‘shoal-deep”’ switch on the front panel of the amplifier the Q (figure of merit) of 

the input transformer and of the second 17.5-ke transformer may be reduced, which is advantageous 

in shoal-water sounding. When sounding in deep water it is often desirable to listen for the echo 

through headphones or a loud speaker. Since the frequency employed in the amplifier is above the 

audible range, it must be reduced in frequency to be heard. This is accomplished by means of a cir- 

cuit, composed of an oscillator, detector, and associated circuits, which reduces the second harmonic of 

175 ke, which is 350 ke, to an audible frequency. After additional amplification the echo signal 

can be heard in headphones, or a loud speaker, plugged into a jack on the front of the amplifier panel 

or into one on the face of the indicator cabinet. This echo-listening circuit can be turned off and on 

by means of a toggle switch. When it is in operation a green pilot lamp, located on the face of the 

amplifier, is lighted. The high-voltage rectifier and filter circuit is included in the amplifier cabinet 

to furnish the necessary plate and filament power for the tubes. Besides those parts located on the 

front of the amplifier panel that have already been described, there is an off-on switch for the amplifier 

circuit, an amber pilot lamp to indicate the operation of the amplifier, and a O0- to 1-milliampere 

d-e meter connected in the plate-circuit output of the type 6B8 tube. 

5263. Indicator 

The visually indicating mechanism is housed in a cast-metal cabinet, size 26 by 1514 by 13 inches, 

whose total weight is 200 pounds. This cabinet has a hinged front that may be lowered to a horizontal 

position, and a section of the top is also hinged to furnish access to the interior. The right-hand 

section of the front is a rectangular hinged frame, about 14% by 11 inches in size, in which is set a 

glass plate which contains the depth scales. Directly above the frame is a glass window through 

which to view the starting stroboscope. On the left side of the front panel are the following 

numerous controls: a 5-point selector switch for starting and for selection between sonic and 

supersonic signals; another 5-point selector switch which permits the use of any one of thg three 

depth scales; two gain controls, one for the sonic and the other for the supersonic echo amplifiers; 

two push buttons, one to operate the starting motor and the other for manual deletion of the trans- 
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mitted signal (this latter is known as the 1,000-fathom cutout); a milliammeter to show the current 

to the carbon-button hydrophone; a jack into which headphones may be plugged when listening for 

the echo; and a pilot lamp to show whether the Fathometer is in operation. 

There are three circular depth scales whose ranges are 0 to 20, 0 to 100, and 0 to 1,000 fathoms. 

The 20-fathom scale is 8 inches in diameter, and contains two scales, one divided into foot inter- 

vals with every fifth division numbered, and the other into fathom intervals with every division 

numbered; the 100-fathom scale is 3%4 inches in diameter, divided into fathom intervals, every tenth 

division being numbered from 10 to 100; and the 1,000-fathom scale is 334 inches in diameter, and 

divided into 10-fathom intervals, every ‘foal division being numbered from 100 to 1,000. In a 

separate compartment in the indicator directly behind the depth scales are three index disks and 

three neon tubes associated with the depth scales. The functions of the index disks and neon tubes 

are described in 5243. 

The principal parts and circuits in the indicator cabinet are the driving motor, starting motor, 

starting stroboscope, keying photoelectric tubes and exciter lamps, keying circuits operated by the 

photoelectric tubes, gas-discharge tubes and circuits for flashing the neon tubes, and a plate-voltage 

and bias-voltage rectifier and filter circuit to furnish power to the various vacuum-tube circuits in 
the cabinet. 

The synchronous driving motor is of the reluctance type, run by 1025-cycle current furnished 

from a tuning-fork circuit. Its rotor has 100 teeth cut in the periphery, parallel to the axis of rotation; 

and the stator, concentric with the rotor, has teeth that match in size those of the rotor; coils are 

arranged on the stator so as to cause the flux to pass between the stator and rotor teeth. At synchro- 

nism the motor speed is 20.5 r.p.s. On the same shaft with the driving motor is a small 60-cycle 

starting motor used to bring the former to synchronous speed. A stroboscope, described in 5243, 
aids in synchronizing this motor. : 

The 20-fathom index disk is direct-connected to the driving motor and rotates at 20.5 r.p.s., 

while the 100- and 1,000-fathom index disks rotate at 4.1 and 0.41 r.p.s. respectively. The two 

latter are coupled to the synchronous driving motor through reduction gears. 

The keying circuit contains five photoelectric tubes, any one of which may arbitrarily be switched 

into operation, depending on the depth. Each of the three depth scales has a photoelectric-tube 
circuit that performs the necessary keying functions associated with that scale. 

The 20-fathom scale has two photoelectric tubes. One of these is actuated 20.5 times per second 

by the reflected light from a mirror rotating at that speed, or once each revolution of the index dial. 

The other photoelectric tube is actuated by a second mirror rotating at one-half the speed of the 

- former, thereby transmitting a signal only every alternate revolution, to prevent interference with the 

receipt of the echo from depths near 20 fathoms. 

The 100-fathom scale also has two photoelectric tubes whose performance is similar to those 

associated with the 20-fathom scale, except that they are actuated by light shining through openings 
in rotating disks which take the place of the rotating mirrors. 

The 1,000-fathom scale has one photoelectric tube actuated by light shining through an opening 

in a rotating disk. When this scale is used the emission of the signal can be prevented manually by a 

push button on the front of the indicator, thus eliminating interference between the transmitted signal 
and echoes arriving near the 1,000-fathom mark on the dial. 

The appropriate depth scale of the instrument is chosen by means of the depth-selector switch 

on the front panel. This switch connects the proper photoelectric tube and its associated 6- to 8-volt 

exciter lamp so they perform the necessary keying functions related to the depth scale selected. There 

is an index adjustment provided for each photoelectric tube and its exciter lamp, by which the position 

where keying starts may be changed relative to the depth scale. The locations of these five adjust- 

ments in the indicator are shown in figure 111. (See also 5542.) 

At the same time that the depth-selector switch connects the proper photoelectric tubes, it also 

connects the circuits that flash the neon tubes behind the proper index disks. There are three such 

circuits, one for each depth scale, each incorporating a type 885 gas-discharge tube. 

For the first two positions of this depth-selector switch the 20-fathom dial neon tube operates. 

For the next two positions of this switch both the 20- and 100-fathom dial neon tubes operate, and for 

the fifth position both the 100- and the 1,000-fathom dial neon tubes operate. The advantage of two 

neon tubes operating simultaneously is that the shoaler scale may then be read as a vernier with 

reference to the deeper scale. 

The three neon tubes behind the three index disks are caused to flash in the following manner: 

A type 885 tube discharges a condenser in series with the low-impedance winding of a step-up trans- 
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former. The increased voltage occurring across the secondary of the transformer flashes the neon 

tube. A polarizing voltage of about 350 volts direct current helps to decrease the discharge voltage 
required of the type 885 tube. 

5264. Keying Circuit 

A direct-coupled amplifier using type 6/5 and 2A3 tubes, which is actuated by the photoelectric 

tubes, forms the nucleus of the keying circuit. A 5,000-ohm resistor in the plate circuit of the type 

2A8 tube acts as a grid resistor between the grid and cathode of the 17.5-ke oscillator. When the 

2A3 keying tube is drawing current, as it normally does between keying periods, the voltage drop 

across the 5,000-ohm resistor biases the oscillator sufficiently to prevent oscillations. When the 

grid of the 2A3 tube is made sufficiently negative by the amplified photoelectric keying impulse the 

voltage drop across the resistor is reduced to a sufficiently low value to permit the oscillater to operate. 

The type 6/5 tube that precedes and is directly coupled to the type 2A3 tube, amplifies the output 

of the photoelectric tube. Two additional circuits are associated with the direct-coupled amplifier: 
One is a type 885 gas-discharge tube that can be switched into the circuit, between the type 6F5 

and type 2A3 tubes, to shorten the transmitted signal for shoal soundings when the 20-fathom scale 
is used. The other is a type 807 tube that is connected to the direct-coupled amplifier in such a way 

‘that its grid operates from the type 243 tube output, and the plate circuit of the type 807 tube oper- 

ates the keying relay for sounding with sonic signals, using the 312 Fathometer acoustic system. 

When the instrument is first put into service it is usually necessary to adjust the length of the 

transmitted acoustic signal used in the 100-fathom circuit. This adjustment is made as follows: 

With the synchronous driving motor stopped, set the depth-selector switch on position 3 and 

the frequency-starting switch on position 4. Turn the motor slowly by hand in the normal direction 

of rotation and note the position, on the 20-fathom dial, of the first and last flashes which mark the 

beginning and end of the acoustic signal. The separation between the first and last flash should be 

about 5 fathoms. The keying is governed by an arrangement comprising two shutters carried by 

the shutter disk. During normal operation the position of the following edge of the leading shutter 

determines the beginning of the transmitted signal, and the leading edge of the following shutter 

determines the end of the signal. Hence, by adjusting the following shutter, the length of the signal 

may be adjusted without changing the time at which the signal is transmitted. Each shutter is 

slotted and held in position behind the disk by means of a screw through the slot, 

Exactly the same procedure is followed for the 100-fathom cutout circuit with depth-selector 

switch setting 4 and the starting-frequency switch still on position 4. 

And the same procedure is followed for the sonic circuit using depth-selector switch setting 5 and 

starting-frequency switch setting 5 except that, in this case, the length of the keying period should be 

equivalent to a 50-fathom movement of the index with respect to the 1,000-fathom depth scale. 

The shutter to be adjusted, in each case, can be easily identified, since it will be illuminated by 

the associated exciter lamp. 
5265. Power Supply 

The power supply is housed in a metal rack, 51 inches high, 21% inches wide, and 21% inches 

deep, whose weight is 475 pounds. The circuits of the power supply are contained in three compart- 

ments arranged like drawers, to which access may be had by pulling out the subassemblies. In the 

upper compartment is the 17.5-ke oscillator and amplifier whose purpose is to furnish power to the 

transceiver (see 5261). The middle compartment contains the tuning fork and associated circuits, 

which furnish 1025-cycle power to the synchronous motor. The lower compartment contains the 

high-voltage, intermediate-voltage, and bias-voltage rectifiers and filters, and the transceiver polar- 

izing circuits. ; 

The front of each compartment is a panel. On the top panel are two meters; a 0- to 2-ampere 

a-c meter for measuring the 17.5-ke current to the transceiver, and a 0- to l-ampere d-c meter for 

measuring the plate current of the last 17.5-ke amplifier tubes. Between these two meters is a dial 

for changing the frequency of the oscillator. On the left of the panel is a push button by which the 

17.5-ke oscillator may be turned on for testing. 

On the middle panel are two meters; a 0- to 2-ampere a-c meter to indicate the 1025-cycle 

current to the synchronous motor, and a 0- to 0.5-ampere d-c meter to indicate the plate current 

to the 1025-cycle power-amplifier tubes. 
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On the lower panel are three meters; a 0- to 1,500-volt d-c meter to indicate the voltage of 

the high-voltage rectifier circuit, a 0- to 150-volt a-c meter to indicate ,the supply-line voltage, and 

a 0- to 2-ampere d-c meter to indicate the polarizing current flowing through the transceiver. In 

addition to these meters there are two toggle switches on this panel, one to operate the 110-volt line 

relay, and the other to turn on the high-voltage rectifier. 

The tuning fork and its circuits furnish 1025-cycle power to the synchronous driving motor. 

The tuning fork, made of low temperature coefficient steel, is of conventional design. It is driven 

by a two-tube amplifier. Adjacent to the fork tines are two coils: one is a headphone receiver, known 

as the pick-up coil, which is magnetically coupled to the outside of one tine; the other is an iron-core 

coil, known as the driving coil, which is located between the fork tines. The input of the vacuum- 

tube amplifier is connected to the pick-up coil, and the output is connected to the driving coil. The 

tuning fork forms a coupling between the input and output of the amplifier, permitting oscillations 

FIGURE 108.—Power supply rack of Dorsey Fathometer No. 3. 

at a frequency determined by the tuning fork. Part of the voltage of this circuit is used to operate 

a type 6F6 tube amplifier, whose power output is further amplified by two type 838 power tubes 

arranged in a push-pull circuit. 
On some ships of the Coast and Geodetic Survey the primary source of power to operate the 

Dorsey Fathometer No. 3 is a 110-volt, 5-kva turbogenerator, but on other ships a d-c to a-c rotary 

converter is used for this purpose. 
There have been cases where the 5-kva turbogenerator governor has failed to function. Such 

failure may result in high voltage sufficient to damage parts of the Fathometer. - On one ship, governor 

failure was frequent enough to warrant the installation of an overvoltage circuit breaker. In any 

case, the capacity of the fuses placed in the supply line should not exceed 30 amperes for a normal 

Dorsey Fathometer No. 3 installation. 
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5266. Operation 

The Dorsey Fathometer No. 3 is put into operation by the following procedure: 
After starting ‘the primary source of power, which may be either a steam turbogenerator 
or a rotary converter, the starting-frequency switch on the front of the indicator 

cabinet is turned to position 2. Less than a minute is required for the vacuum tubes 
to become sufficiently warm to operate, after which a 2050-cycle sound will be heard 
in the indicator. Now the push button marked “motor starting,’ located directly 

above the starting-frequency switch on the cabinet, is pressed to start the starting 
motor, which drives the synchronous motor. Just before synchronous speed is reached 
the starting switch is turned to position 3, which reduces the torque of the starting 
motor, thus permitting synchronization to be accomplished more easily. 

A stroboscopic system has been incorpcerated in the indicating mechanism to aid in 
synchronization. This consists of a neon tube, excited from the 1025-cycle source, the 
intermittent light from which falls on the periphery of the synchronous-motor flywheel, 
which contains 100 teeth. At synchronous speed the stroboscopic effect makes these 
teeth appear stationary. The teeth may be viewed through a small window which is 
just above the 20-fathom dial. Sufficient experience, however, will enable one to start 
the synchronous motor by ear, without resorting to the stroboscopic method. The 
synchronous motor will operate in some cases at a submultiple of synchronous speed, 
and this possibility must be avoided by following the instructions in 5245. The speed 
should be finally verified by counting the number of revolutions of the 1,000-fathom 
index disk, which should revolve a trifle more than four times in 10 seconds (0.41 r. p. s. 
to be exact). This check need be only approximate since an incorrect speed will always 
be an even submultiple of correct speed. 

After the motor has been synchronized, the starting-frequency switch is turned to 
position 4, if supersonic soundings in depths less than 300 fathoms are desired. In this 
case the depth-selector switch is set on position 1, 2, 3, or 4, depending on the depth to 
be sounded. If the depth exceeds the limit of the supersonic sounding range of the 
instrument, the starting-frequency switch is placed on position 5 and the depth-selector 
switch also on position 5, assuming that the instrument has been adjusted by setting the 
indexes in accordance with 5542. 
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Table 15 will serve as a guide in setting the depth-selector and the starting-and-frequency 

switches. Any combination of the two switches other than those tabulated must be scrupulously 

avoided when the instrument is used for hydrographic surveying, because an error will be introduced 

due to the relatively large time lag of the electromagnetic keying relay used in the sonic system. To 

illustrate the use of table 15, if the depth of water, in fathoms, is between 3 and 20, 25 and 40, 45 and 

60, etc., position 1 and 4, respectively, of the depth-selector and starting-frequency switches may be 

used to the limit of the sounding range of the supersonic system, assuming that the bottom is regular 

enough to warrant the use of the 20-fathom dial. The intervening ranges, in fathoms, of 20 to 25, 40 

to 45, 60 to 65, etce., correspond to periods of paralysis of the echo amplifier caused by the transmission 

of the signal. The paralysis range is not necessarily exactly 5 fathoms but should be considered as 

such to avoid any possibility of error due to the paralysis. The alternate paralysis ranges, in fathoms, 

of 20 to 25, 60 to 65, 100 to 105, ete., can be accommodated on positions 2 and 4 of the two switches as 

indicated in the second line of table 15. The remaining paralysis ranges, in fathoms, of 40 to 45, 80 

to 85, ete., require positions 3 and 4 of the two switches. 

This latter switch arrangement, depth-selector switch on position 3 and starting-frequency switch 

on position 4, will accommodate the ranges, in fathoms, of 40 to 100, 110 to 200, 210 to 300, etc., to the 

limit of the sounding range of the supersonic system. The paralysis ranges, in fathoms, of 100 to 110, 

300 to 310, ete., are accommodated by placing the two switches on positions 4 and 4, but the range of 

200 to 210 fathoms requires the use of the 1,000-fathom cutout switch. Best results will be obtained 

in this range by placing the two switches on positions 3 and 4, and manually deleting two consecutive 

signals of every four index revolutions by means of this 1,000-fathom cutout. Such a cycle is repre- 

sented by the next to last column in table 15. From the above discussion the rest of the table will be 

apparent. 

The ranges in this table represent actual depths of water and consequently values that will be 

registered on the dials, for an average draft of the transceiver has already been taken into consideration 

in all numbers in the first 10 columns. When the shoal-normal switch is placed on the shoal position 

the instrument will dependably measure depths of 2 fathoms. 

Table 16 is given to illustrate the functioning of the Dorsey Fathometer No. 3. For example, 

the fourth and fifth lines in this table convey the information that if supersonic operation with regis- 

tration on the 20-fathom dial is desired, the depth-selector and starting-frequency switches should be 

placed on positions 1 and 4 or on 2 and 4, the choice being made according to table 15. Furthermore, 

from table 16 the elements and parts connected and used in the various circuits may be determined for 

different switch settings, and the number of signals transmitted per second is given. The reference 

numbers appearing in this table under the heading ‘“‘Circuits used”’ refer to the corresponding elements 

or parts listed and described in table 14. These reference numbers in tables 16 and 17 do not refer to 

terminal posts and should not be confused with the numbers used to designate them. 
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TaBLE 14. Parts and circwits of Dorsey Fathometer No. 3 referred to in tables 16 and 17 

{The numbers 1 to 67 are assigned for reference purposes only and have no other significance. They do not refer to terminal posts. 

INDICATOR 

I. Keying. 
A, Photoelectric tubes. 

1. soundings once every revolution of the 20-fathom index disk. 

2. soundings every alternate revolution of the 20-fathom index disk. 

3. soundings once every revolution of the 100-fathom index disk. 
4, soundings every alternate revolution of the 100-fathom index disk. 

5. soundings once every revolution of the 1,000-fathom index disk. 

B. Exciter lamps. 

6. associated with 1. 

7. associated with 2. 

8. associated with 3. 

9. associated with 4. 

10. associated with 5. 

C. Thermionic tubes in keying amplifier. 

11. type 6F5 (vacuum triode). 

12. type 885 (gaseous triode). 

13. type 2A3 (vacuum triode). 

14. type 807 (vacuum pentode). 

Il. Indicating. 

A, Index neon tubes. ; 
15. located behind 20-fathom index disk. 
16. located behind 100-fathom index disk. 

17. located behind 1,000-fathom index disk. 

B. Type 885 tube circuits to flash index neon tubes. 

18. associated with 15. 

19. associated with 16. 

20. associated with 17. 

Ill. Rectifier circuits. 

A. Positive, furnishing 
21. polarizing voltage for 15, 16, and 17. 

22. plate voltage for 18, 19, and 20. 

B. Negative, furnishing 

23. bias voltage to 18, 19, and 20. 

24. hydrophone current. 

1V. Functional switches. 
[In describing these switches, the wafers are considered in order from top to bottom when the front of the indicator cabinet is fully 

opened. And for each wafer, the common arm which connects to the switch points on the left-hand side of the wafer (L) is listed 

first. This common arm is just to the right of the supporting columns.] 

A. Depth-selector switch—connecting 

25. (L) 500 volts d-c to 12. 

26. (R) 6.3 volts a-c to 6, 7, 8, 9, or 10. 

27. (L) plate of 11 to grid transformer of 12 or 1 megohm load resistor. 

28. (R) 87 volts d-c to 1, 2, 3, 4, or 5. 

29. (L) grid of 13 to plate of 12 or 1 megohm load resistor. 

30. (R) (blank). 

oF plate voltage (22) to combinations of 18, 19, and 20. 
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IV. Functional switches—Continued. 

B. Starting and frequency-selector switch—connecting 

V. Motors. 

II. 

[I. 

II. 

33. (L) plate of 13 to 34 or grid of 14. 

34. (R) grid circuit of 17.5-ke oscillator (55) to ground or to 33. 

35. (L) common grid circuit of 18, 19, and 20 to sonic (53) or supersonic (51) 

amplifier, 

36. (R) plate of 14 to sonic keying relay (60). (Caution 1,000 volts!) 

37. (L) 110 volts, 60 cycles to indicator starting motor. 

38. (R) 110 volts, 60 cycles to Fathometer supply line relay. 
39. (L) gain-control rheostat to supersonic amplifier. 

40. (R) phone jack to supersonic-amplifier audio channel (52), or to sonic-amplifier 

audio output (54). 

41. (L) 110 volts d-c to starting relay for 525-cycle motor generator (58). 

42. (R) polarizing current source (24) to hydrophone. 

A. For starting. 
43. 110-volt 60-cycle motor. 

44, push-button switch. 

45. autotransformer. 

46. 4-microfarad condenser. 

B. For synchronizing. 

47. 1025-cycle non-selfstarting synchronous motor. 

48. 1025-cycle tuning fork (in power-supply rack). 

49. thermionic-tube tuning-fork circuit (in power-supply rack). 

50. 1025-cycle power-amplifier circuit (in power-supply rack). 

Ecuo AMPLIFIER 

Supersonic. 
dl. 
52. 

Sonic. 

53. 
54. 

17.5-ke amplifier. 

audio-channel phone output. 

1050-cycle amplifier. 

audio phone outlet. 

PoweER SuPPLY 

Supersonic. 
55. 

56. 

57. 

Sonic. 

58. 
59. 
60. 

17.5-ke vacuum-tube oscillator (type 59 tube). 

17.5-ke power amplifiers (types 807 and 838 tubes). 

high-voltage d-ce rectifier circuit and time-delay relay. 

525-cycle motor generator. 

speed (frequency) control adjustment for 58 and frequency meter. 

keying relay. 

Acoustic UNITS 

Supersonic. 

61 

62. 
Sonic. 

63 

64. 

65. 

66. 
67. 

transceiver. 

circuit furnishing polarizing current to 61. 

type 324 electromagnetic oscillators. 

hydrophones. 

PowER Source - 

turbogenerator or rotary converter. 

ship’s 110-volt direct current. 

110-volt 60-cycle for 53 (if d-c is not used). 
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5267. Diagnosis of Faulty Operation or Failure 

Table 17 is furnished for use in diagnosing the cause of faulty operation or failure of the Dorsey 

Fathometer No. 3. Each line in this table represents one case of faulty operation. Each case is: 

described by the position of the X-marks in the first 10 columns of this table and the switch positions 

under the heading “Setting of functional switches.’”’ The X-marks are to be considered as referring 

to a faulty condition, normal operation being inferred by blank spaces in any of the 10 columns. 

The reference numbers, entered in the column headed ‘‘Parts involved,” refer to the items in table 

14 that may be wholly or partly responsible for the trouble. These numbers must not be confused 

with terminal-post numbers. The letters in the last column of table 17 refer to the explanatory 

paragraphs identified with corresponding letters that follow table 18. It is assumed that the power 

switch inside the indicator cabinet is turned on, and the shoal-deep switch is on the deep position. 

To aid in interpreting this table, assume the following case of faulty operation: With the starting- 

frequency switch on position 4, no matter whether the depth-selector switch is on position 1, 2, 3, 

or 4, there is no registration on the 20-fathom dial of transmitted signals, of echoes either at normal or 

high gain of the echo amplifier, or of strays at high gain of the echo amplifier; but all are registered. 

normally on the 100-fathom dial—that is, on the two positions of the depth-selector switch which 

connect the 100-fathom index neon-tube circuit as given in table 16. A case of faulty operation 

thus characterized is dealt with in the fourth line of table 17. 

TABLE 18.—Circuit voltages of Dorsey Fathometer No. 3 

[This table assumes 60-cycle line supply of 110 volts which is the value at which the instrument should normally be operated.] 

Terminal ; 
post Voltage or current 

number 

INDICATOR 
D-C Supply: 

Ibavelesze roVeXoycl qebll overs} (Gov FAVA IYS)) oe ee ee ee 350-375 volts. 
Platevcireuitrolety Perso omoU lO CS tee eee se ee ee ee | eee 270 volts. 
Grid circuit of type 885 tubes________- tat oe es, SENSE AN PRNE CON ioc oe 8S — 45 volts. 

Keying Circutt: 
AMOGEeS TOL pp HOLOSLE Cal Cate UIlO Cs eee ees ee ee | 83 volts. 
Cathode of type 2.A3 tubes and plate of type 675 tubes-____ 6 | 200 volts. 
Plate of type 2A8 tubes (and grid circuit of type 59 oscil- 7 | 265-275 volts. 

lator). 
* Plate load resistor of type 2A3 tubes (and cathode circuit 8 | 500 volts. 

of type 59 oscillator). 
Drop across load resistor of type 2A3 tubes (which is the |__-___-- 225-235 volts. 

bias for type 59 oscillator). 
Keying relay in plate circuit of type 807 tubes____________- 32-33 | 1,100—1,300 volts. 

PoweER SUPPLY 

17.5—-Ke Oscillator Circuit: 
resis of type 59 oscillator (and plate of type 2A3 7 | 265-275 volts. 

tubes). 
Cathode circuit of type 59 oscillator (and plate load resistor 8 | 500 volts. 

of type,2A8 tubes). 
Sereensiot ty pero 9) oscillator see ae. oe eee | Se er OORVOliss 
Plate circuit of type 59 oscillator. _____ ehh hee Gieys Chey eens eens eee 1,000 volts. 

17.5-Ke Power Amplifier: 
Grid circuit of type 807 tubes_____ _ ge Pe Oe Ee) 2 ee ABE wad Sele | teas eee — 50 volts. 
Screens of typerSO Tate stages te eee ee ey eye | ee ee 200-250 volts. 
Plate circuit of type 807 tubes_____________-_ ee 2 ea ey le ee 1,000—1,200 volts. 
Grid circuitiolitypesas tubes 2421 is) eee EN et er ie ae — 230 volts. 
Plate current of type 838 tubes (key down)---_=- 222222) Seine es ee 160 ma. 
ijeb—kelcurrent to transceiver (key (dowa)s2 2 ee | eee 0.58—0.60 ampere. 

1025—Cycle Power Supply: 
Grid circuit ofttypel6Co tubes® Vote) dea ee ee ees (Approx) — 2.3 volts. 
Ete Seas of type 6C5 tubes (and screen of type 6F6 |______-_- 225-250 volts. 

tubes). 
Platescincuitiof tyjpelO lH Ohulloe mane ee a eee eee re 36 | 315 volts. 
PAH He) (Obiagsiaty Oe ty oeusares MUI oa es one Se 180-200 ma. 
1025=cycleicurrent to synchronous motors] so) 2] ee ee 0.8-1.0 ampere. 
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TaBLE 18.—Circutt voltages of Dorsey Fathometer No. 3—Continued 

[This table assumes 60-cycle line supply of 110 volts which is the value at which the instrument should normally be operated.] 

Terminal 
post Voltage or current 

number 

PowrER SuppLy—Continued 
D-C Supply: 

Polarizing.current)to transceivers 22 6e/s os. bead seeseee2 11-12 | 1.7—1.8 amperes. 
Ei hin OLR: SO 28 a, eee pan peterson Ys tare Lt obotie gut Bye teeters soe 39 | 1,350 volts. 

AMPLIFIER 
17.5-Ke Echo Amplifier: 

Ee PUPERCURCUIILG Wie sae serpent et St aie ee a ieee foe ci eae ya tere oe 250 volts. 
RICO I CUPCUIL Gp e= pastel perl yee At recep sf corte) )2) oy _ Pope faa eet fe gh oS Je) SR lees eee as 110 volts. 
Plate current of type 6B8 (measured by meter in face of |______-- 0.8-0.85 ma. 

cabinet). 

In the following paragraphs lettered (a) to (7), the reference numbers refer to elements and parts 

as numbered in table 14: : 

(a) Photoelectric tube testing and adjusting.—Measure the voltage at the anode of the specified photoelectric tube (1, 2, 3, 4, or 5) 

with a high-resistance d-c voltmeter and compare with the value givenin table 18. Type 921 photoelectric tubes are gas-filled and will 

not function properly in this instrument at 90 or more volts. Measure the continuity from the grid of the type 6F5 keying tube (11) 

to the cathode of the specified photoelectric tube. 

Ensure that the socket makes good electric contact at both ends of the specified photoelectric tube by cleaning the contact areas 

of both ends of the tube and the socket. 

Determine if the specified photoelectric tube is held tightly in its socket and, if not, remove the tube and bend the socket ends 

slightly in such a manner as to hold the tube firmly. The slotted light-shield must first be removed before removing either photo- 

electric tube 1 or 2 in order to avoid excessive bending of the socket ends when removing or replacing the tube. These tubes are 

supported at the ends of the two arms and are energized by light reflected from the concave mirrors. 

In case photoelectric tube 1 or 2 is specified, determine if the spot of reflected light passes near the center of the slot in the light- 

shield and, if not, adjust the corresponding mirror by gently bending the mirror frame a slight amount, using care not to break the 

mirror. In case photoelectric tube 3, 4, or 5, each of which receives light directly from its associated exciting lamp, is specified, be 

sure that the photoelectric tube is nearly centered with respect to the beam of light and hence is completely illuminated by the 

uninterrupted beam (see 5542). 
Replace the specified photoelectric tube, if necessary. 

(6) Exciter lamps.—If exciter lamp 6 or 7, supported on the ends of the arms adjacent to photoelectric tubes 1 and 2 respectively, 

is to be replaced, regular Mazda type 1130, spherical clear bulb, 6-8 volts, 21 ep, double-contact, bayonet-base lamps should be used. 

When any of the other three exciter lamps (8, 9, and 10) is to be replaced, a special lamp must be used which has a tubular 94-inch 

clear bulb (7-5), but with base and filament similar to the above type. The latter special lamps with T-5 bulb may be obtained from 

the Washington Office, and several should be kept on hand. 

After any lamp is replaced it is usually necessary to readjust the corresponding index (see 5542). 

(c) Keying circuit adjustment—supersonic system.—Test the specified tubes (11, 12, 13, or 14). Measure all related voltages and 

compare with corresponding values in table 18. Test all circuit elements. 

When the supersonic system is being used, if there is evidence that the keying circuit is not operating properly and is in need of 

adjustment, proceed as follows: Set the depth-selector switch on position 1 and the starting-frequency switch on position 4. In the 

top compartment of the power supply is a potential divider with four adjustable taps. Measure the voltage to ground of the two 

taps nearest to ground potential on this divider. Ifthe voltages measured at these taps are not 200 and 500 they should be adjusted to 

be so. If the circuit then fails to key the vacuum-tube oscillator (55) properly on the first four positions of the depth-selector switch, 

the 500-volt tap should be moved slightly closer to ground. On the other hand if the oscillator (55) appears to key too readily as evis 

denced by continuous oscillations through a whole cycle, or a portion of a cycle greater than the normal signal, when the depth selector 

is on position 3 or 4, for example, then the 500-volt tap should be moved to a slightly higher value. The third and fourth taps above 

ground should then be adjusted to 200 and 500 volts above the final value of the second tap, as measured with the depth-selector switch 

on position 1. 

(d) Keying circuit adjustment—sonic system.—If the keying circuit does not operate properly when the sonic system is being used, 

the keying circuit voltages should be adjusted as described in (c). If the sonic keying relay (60) still fails to function properly, the 

voltage at the plate of the type 807 tube (14) in the indicator should be measured and adjusted tosome value between 1,100 and 1,300 

volts. If the relay (60) fails to function when the voltage is 1,300 volts, the relay contacts must be inspected and cleaned if necessary. 

In any case, the contacts should be adjusted to as small a separation as possible without risk of failure to interrupt the current flowing 

into the type 324 oscillators (63). And furthermore, the voltage supplied to the plate of the type 807 keying tube (14) should be kept 

as low as possible. : 
(e) Index neon tubes.—Examine the physical condition of the specified index neon tube (15, 16, or 17). Check the ground connec- 

tion on one end of the specified neon tube. Measure the polarizing voltage (21) supplied to the other end of the specified index neon 

tube. 

(f) Index gas discharge tubes.—Test the specified type 885 tube (18, 19, or 20). Measure the values of voltage (22 and 23) supplied 

to the specified type 885 tube and compare with the corresponding values in table 18. Test the circuit elements associated with the 

specified type 885 tube, including the insulation and continuity of the transformer in the plate circuit. 
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(q) Indicator power supply.—Test the rectifier tubes (type 83 for positive, and type 82 for negative voltage). Test the various cir- 

cuit elements. In case of failure of hydrophone current (24), test the elements of the resistance-capacitance filter in the indicator, 

the inductance-capacitance filter in the sonic amplifier (53) and the milliammeter in the indicator. 

(h) Selector switches——Examine the physical condition of the specified half-sections of the wafers of the starting-frequency and 

depth-selector switches (25-42). Test the continuity of the specified half-sections on the indicated switch positions. In 

most cases either an a-c or a high-resistance d-c voltmeter, depending on the circumstances, may be used to determine the proper 

functioning of the switches. Care must be used in measuring voltages on the starting-frequency switch, because the plate circuit (36) 

of the type 807 keying tube (14) is 1,000 volts, or more, above ground. ‘The highest voltage on the depth-selector switch is 500 volts. 

Spare wafers for these switches should be kept on hand. Inspection will show that three different types are used. 

(i) Starting motor.—The squirrel-cage motor winding of the starting motor is on the same shaft with the synchronous motor (47). 

The starting motor (43) operates on the split-phase principle and is furnished with voltage from the combination of an autotransformer 

(45) and a 4-microfarad condenser (46). The stator is so connected through the starting-frequency switch (37) that the motor furnishes 

more torque on the second position of this switch than on the third position. The purpose of the reduced torque is to facilitate the 

operation of synchronization. 

If the starting motor (43) fails to reach proper speed for synchronizing, it may be found that it will do so when the front lid of the 

indicator cabinet is fully opened. 

(j) Synchronous motor —The driving motor (47) in the indicator cabinet will synchronize when brought to synchronous speed, if 

furnished with ample 1025-cycle power. In some cases 0.85 ampere of 1025-cycle current flowing through this motor (as measured after 

synchronization) is sufficient to ensure that the motor will not drop out of synchronization and stop, while in other cases as much as 

1.1 amperes is normally required. If the synchronous motor (47) fails to synchronize after the necessary warm-up period, or if it stops 

after running a while, the reason may be that the torque required is too great, due to abnormal friction. Something may be touching a 

moving part or the bearings may need lubrication. All bearings should be lubricated once each year. Turbine oil may be used for 

this purpose. It should take at least 2 minutes for the synchronous motor to come to a stop after the power is turned off with it at 

synchronous speed, and most instruments, on the average, require 3 minutes. 

 (k) Tuning-fork current.—If no current is flowing through the synchronous motor (47), no 2050-cycle tone from the indicator cabinet 

will be heard. The trouble may be in the motor itself, in the circuit connecting it to the 1025-cycle power supply, or in the 1025- 

cycle power supply itself. Ifthe tuning fork (48) fails to vibrate, test the two type 6C5 tubes in the tuning-fork circuit (49) and measure 

the voltage supplied to their plate and grid circuits, comparing the values with those given in table 18. Also test the various related 

circuit elements. The tuning-fork circuit (49) is rather critical with respect to grid voltage. The value given in table 18 is only an 

average figure, and some circuits may require a different value. When the grid bias is properly adjusted, the tuning fork (48) will 

always start vibrating and continue indefinitely, neglecting other considerations, and the grid-bias voltage should be adjusted with 

this criterion solely in mind. The presence of magnetic or other foreign particles in the air gap between the fork tines and the electro- 

magnets may prevent the vibration of the tuning fork. The tines of the fork (48) should be centered roughly with respect to the driv- 

ing magnet. The angular orientation of the pick-up magnet has some influence on the starting of the tuning fork but should not be 

moved more than about 10° from the original angle, and should be readjusted only when other means fail to cause the fork consistently 

to start vibrating when the voltage is applied. The pick-up magnet should not be adjusted in order to change the current through 

the synchronous motor (47). 

If the fork is vibrating, but there is no 1025-cycle output voltage, test the type 6/6 tube, measure voltages supplied to its plate and 

screen, comparing the values with those given in table 18. Also measure the high voltage supplied to the plates of the two type 838 

power-amplifier tubes, as well as the various circuit elements associated with all three tubes (50). 

If the synchronous motor (47) fails to synchronize, or if it drops out of synchronism and stops due to insufficient 1025-cycle current, 

test the tubes and voltages in the power-supply assembly (50). Then if necessary, the 1025-cycle current may be increased by increas- 

ing the voltage supplied to the plates of the type 6C5 tubes (49) which drive the tuning fork (48). However, the current through the 

synchronous motor must be kept at a minimum to avoid possible damage due to excessive heating in the indicator cabinet. 

(l) Echo amplifier.—Test the tubes and circuit elements of the specified echo amplifier. Test the voltages supplied to the tubes 

and compare them with the values given in table 18. Test the insulation of the input and output circuits. 

The 17.5-ke echo amplifier (51) must be retuned periodically. This may be accomplished in several ways. One of the most direct 

methods involves the use, for tuning purposes, of the type 59 tube 17.5-ke oscillator (55) in the 17.5-ke power supply, and the use of the 

1-milliampere d-c meter on the face of the echo-amplifier cabinet as a means of tuning indication. 

If the 17.5-ke echo amplifier (51) is nearly tuned, only a very small value of 17.5-ke signal voltage will be required, and in all proba- 

bility, sufficient signal will be picked up by the echo amplifier when the type 838 and type 807 tubes (56) are removed from the 17.5-ke 

power supply. As in tuning most high-gain amplifiers, care must be exercised to avoid overloading in any of thestages. The second 

detector stage begins to overload below about 0.75-milliampere plate current, as registered by the 1-milliampere d-c meter. Hence the 

value of the 17.5-ke input signal and the gain of the echo amplifier must both be kept adjusted so that the tuning may be done with this 

meter reading between about 0.75 and 0.8 milliampere. Various means of adjusting the value of the signal picked up by the echo ampli- 

fier will suggest themselves, and the range of gain control of the amplifier may be temporarily increased, if necessary, by adding resist- 

ance to the gain-control circuit in the indicator cabinet. Normal procedure is followed in tuning the amplifier, using the minimum - 

reading of the meter as an indication of tuning for any given tuning operation. The type 59 tube 17.5-Ke oscillator (55) may be caused to 

oscillate continually when the starting-frequency switch is on position 4, by turning off the switch provided inside the indicator cabinet 

for controlling the 110-volt 60-cycle current supplied to parts within. But this should be done only after the type 838 tubes have been 

removed from the 17.5-ke power supply. 

For tuning the echo-listening channel (52) of the 17.5-ke echo amplifier (51), an oscilloscope may conveniently be used as a tuning 

indicator. For this purpose the oscilloscope may be connected in place of the head receivers. With the type 59 tube 17.5-ke oscillator 

(55) still oscillating continuously and with the types 838 and 807 amplifier tubes (56) removed, the audio beat-frequency oscillator should 

be adjusted to produce an audio frequency of about a thousand cycles. Normal practice is then followed in tuning the 350-ke inter- 

mediate frequency transformer in the audio channel. 

(m) 17.5-ke transmitter.—Measure the 17.5-ke current flowing into the transceiver (61) by pressing the test button provided for the 

purpose on the upper panel of the power supply. Test the type 59 tubes in the 17.5-ke oscillator (55). Measure all related voltages 

in the oscillator and amplifier stages (56) and compare the values with those given in table 18. Test all associated circuit elements 

including the insulation and continuity of the output transformer. 

The 17.5-ke output current is to some extent a function of the keying-circuit adjustment, which is described in (c). The lack of 

high-voltage d-c (57) may be due to failure of transformers, rectifier tubes, or condensers in the rectifier circuit; or due to failure of the 
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time-delay relay. The high-voltage 0.02 microfarad no ise-suppressing condensers across the rectifier tubes may short-circuit, causing 

the line fuses to blow out, or they may open-circuit, in which case strays will be registered on the indicator dials at normal gain of the 

17.5-ke echo amplifier (51). Strays will also be caused by faulty type 807 tubes (56), particularly when the screen voltage on these tubes 

is much over 200 volts. Also if the 17.5-ke oscillator (55) is too near the point of oscillation due to improper adjustment of the keying 

circuit (par: (c)), spurious signals may be transmitted. Such spurious signals and the resultant echoes, when registered on the indica- 

tor dials, may appear as strays because of the irregularity of transmission. 

(n) Sonic transmission and reception.—If the 525-cycle motor generator (58) fails to start when the starting-relay circuit is com- 

pleted by the starting-frequency switch (41Z) on position 5, measure the voltage across the switch points involved and the 110-volt d-c 

ship supply line. Test the d-c line fuses and the starting relay. 

If the motor generator (58) is operating and the keying relay is functioning properly but no signal is transmitted, test the fuses 

protecting the specific type 324 oscillator (63) which is connected. There are normally two of these oscillators, each separately tuned 

electrically, and when sounding in deep water they may be used interchangeably. However, in shoal water, if they are located at 

different distances from the hydrophone (64) used, the separation factor (see 556) will be different for each. And if the draft of each 

oscillator is not the same they cannot be considered interchangeable for shoal-water sounding. 

The selection of these oscillators (63) is made by means of switches on the 525-cycle power-supply panel. Each oscillator is sepa- 

rately tuned by series condensers. ‘The value of the series capacitance in either case should be adjusted to give the maximum trans- 

mitted signal intensity at the optimum frequency. This value of capacitance may be assumed to be that which results in a maximum 

current flowing into the oscillator at the optimum value of frequency. 

The strength of the echo signal may be increased by adjusting the frequency of the electric current through the oscillator (63) to 

the optimum value. This adjustment is made by regulating the speed (59) of the motor generator by means of a rheostat in the field 
circuit of the generator, or by adjusting the governor on the motor generator if it is so equipped. 

If the keying relay (60) is not functioning properly, make the necessary adjustments as described in (d). 

(0) Polarizing circuit for the transceiver.—Note the reading of the meter measuring the d-c polarizing current supplied to the trans- 

ceiver (61). If the value is not approximately 1.7 amperes, test the various elements in the polarizing-current rectifier circuit (62)- 

Test the insulation of the transceiver (61) and connecting line after disconnecting the latter from the filter-junction box. 

Faulty operation of the copper-oxide rectifier, or faults in the other circuit elements and the connections (62) may cause strays 

to be registered on the dials of the indicator. 

(p) Alternate hydrophones and oscillators.—If the hydrophone (64) is possibly at fault, try the alternate one provided. If the 324 

oscillator (63) is suspected, try the alternate oscillator. The tuning of these oscillators is discussed in (n). 

(q) Electric machinery noise.—A turbogenerator or arotary converter (65) is used to furnish the 110-volt 60-cycle power necessary 

to operate the Dorsey Fathometer No. 3, and must be started before the instrument can be operated. If the collector rings on the 

generator (65) become irregular due to wear, sparking at the brushes will result. Sparking will also be caused by excessive vibra- 

tion of the brushes bearing against the rings. Such sparking, if aggravated, will cause strays to be registered on the dials of the indi- 

cator. The collector rings should be kept clean and should be turned down when necessary. And the brushes should fit properly in 
the brush holders. 

If a noisy 110-volt d-c ship supply (66) is used as a source of power to operate the sonic amplifier (53), strays may be registered. 

Similarly if the sonic amplifier (53) is operated from a noisy source of 110-volt 60-cycle*power (67), such as an inverter or a generator 

with rings and brushes in poor condition, strays may be registered. 

(r) Acoustic and electric noises.—As indicated in (q), noise causing the registration of strays on the dials of the indicator may be 

of an electric nature. Such noises may originate in any of the various parts of the instrument. The isolation of the source of electri¢ 

noises is accomplished simply by disconnecting or turning off the various parts. If the source is found to be located in the circuits 

(18, 19, 20) which cause the index neon tubes (15, 16, 17) to flash, refer to (f) and (g). If the electric noises originate in one of the echo 

amplifiers (51 or 53), this fact may be determined by grounding the input terminals, assuming the fault is not in the circuits causing 

the neon tubes to flash. If the strays persist, the trouble is in the amplifier and may be due to oscillation or to faulty tubes, parts, 
or insulation, particularly of the input and output circuits. If the strays are caused by voltage picked up by the supersonic amplifier 

(51) from the 1025-cycle power supply (50), this will be indicated by a stationary pattern of registration on the 20-fathom.dial when 

the driving motor (47) is running at synchronous speed, and may be proved by removing one of the type 6C5 tubes from the tuning- - 

fork circuit (49). 

If the noise is found to originate in the hydrophone (64) or the transceiver (61) circuit, and is found not to be caused by disturb- 

ances of an electric nature, the source must be of ari acoustic nature and will be found within the vessel itself, or in the water. If 

the noise is not due to the propulsion and passage of the vessel through the water, it may be caused by the main engines, the auxil- 

iaries and appurtenances such as pumps, or by members of the crew chipping paint or making repairs. 

527. VESLEKARI 

The Veslekari echo-sounding instrument is a graphic-recording type designed for 
hydrographic surveying in moderate to deep depths. This instrument is made by 
Henry Hughes & Son, Limited, of London, England. The useful sounding range is 
from 7 to 1,000 fathoms. Two Veslekari instruments are in use on Coast and Geodetic 
Survey ohne | in 1942. 

The entire system is composed of five e separ ate units. They consist of the record- 
ing mechanism and echo amplifier together in one cast-metal housing, battery com- 
partment and charging panel, contactor box, the magnetostrictive transmitting unit, 
and a similar receiving unit. The front of the compartment containing the recording 
mechanism is hinged to give access to its contents, and the echo-amplifier equipment. 
is mounted on the inside of a removable panel to make it accessible. 
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5271. Recorder Cabinet 

The fathogram may be viewed through a removable glass panel on the front of 
the recorder cabinet. Gain controls, phasing dials, meters, and other controls are 

located on the front, and additional controls are located on both the left and right side 
of this cabinet. The principal parts of the recording device and their functions may 
be described briefly as follows: A starch-iodide paper is used for recording, which is 
previously dampened by passing over a wick. A stylus passes back and forth across 
the paper with a linear motion, being in contact with the paper only when moving 
from left to right, when it is in position for recording. The paper has no printed 
scale, but passes under a metal scale that is graduated from 0 to 142 fathoms. The 
electric current from the echo amplifier, caused by the reception of the transmitted and 
echo signals, flows from the stylus through the paper to a metal platen over which the 
paper is passing, resulting in dark stains on the paper at such points. The paper 

moves vertically downward under the stylus at a constant rate, fed by rollers driven 
by an electric motor. A d-c motor, whose speed is governor-controlled, furnishes the 
power to operate the stylus, move the paper, and operate the various keying cams. 

The keying mechanism can be operated in 11 additional positions, or phases, to 
advance the keying by steps of 100 fathoms, thus making it possible to record any 
depth between 0 and 1200 fathoms at the original enlarged scale. For example, for 
sounding in depths of 450 fathoms, the phasing control should be on position 4. This 
will advance the keying so that it occurs at a time equivalent to 400 fathoms in depth 
before the stylus reaches the zero of the fathogram, and when the stylus reaches the 
equivalent of 50 fathoms on the paper, the echo arrives and is recorded. 

In normal operation one signal is transmitted for each cycle of the stylus, or one 
signal in approximately 1 second; however, by a switching device it may be operated 
so that a signal is transmitted at only every third cycle of the stylus, or one signal in 
approximately 3 seconds. (See also 5555.) When one signal per second is transmitted 
it should be noted that an echo trace will be recorded at intervals of 400 fathoms and 

on three different phases of the instrument; for example, if the actual depth is 150 
fathoms, a record will be made at 150 and also at approximately 550 and 950 fathoms. 

- Therefore, if the instrument is started in deep water it is essential to operate it first so 
that it transmits only one signal each 3 seconds until the correct phase has been deter- 
mined. With one transmitted signal per second there will also be a band of interference 
at multiples of approximately 400 fathoms, where the echo of a preceding signal and a 
transmitted signal record at approximately the same place on the fathogram. 

Other controls and mechanism in the recorder automatically mark a continuous 
reference line near the left edge of the paper to represent the zero of the scale, and make 
a time reference mark once a minute on the fathogram. The following are also pro- 
vided: a fix-marker button to make a reference mark across the record at any desired 
time, an electric pencil for recording notes on the fathogram, and a connection to the 
ship’s log for recording the ship’s run on the record. (See also 5544.) 

5272. Contactor Box 

The principal function of the contactor box is to furnish the necessary energy to 

operate the magnetostrictive transmitting unit. A 4-microfarad condenser is charged 

to 1,000 volts by means of an induction coil, from power furnished by the ship’s 110-volt 
direct current. A relay, operated from the keying cam in the recorder cabinet, dis- 
charges this condenser into the magnetostrictive transmitting unit. 
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5273. Magnetostrictive Units 

The magnetostrictive units (see fig. 109) for the Veslekari are nickel cylinders about 
5 inches long, built up from a great number of laminations which are a few thousandths 
of an inch thick. These laminations are annular in shape, the outer diameter being 
4% inches and the inner diameter 3% inches. A toroidal coil B of 23 turns of insulated 

wire is wound around the cylindrical stack in such a way that the nickel laminations are 
in its field. The wires pass through holes close to the outer periphery of the cylinder, 
in order that they may not interfere with the acoustic radiation from the outer surface 
of the cylinder. The axes of these holes are parallel to the axis of the cylinder (fig. 

109). 
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FiGurRE 109.—Magnetostrictive acoustic unit. A. Magnetostrictive element. B. Toroidal coil. C. Double walled cone reflector, 

filled with sponge rubber. D. Water-filled tank. H. Hull plate. H-H. Draft line. 

The magnetostrictive units vibrate at arate of 16000 cycles per second. The prin- 
ciple of this vibration is explained in 5161B. The vibrating outer cylindrical surface 
of the transmitting unit is the source of acoustic energy in this case, since only the 

vibration in a radial direction is utilized. 
Surrounding the magnetostrictive cylinder is a spun-metal truncated cone C, which 

acts as a reflector. It is double walled, the cavity being filled with sponge rubber. 

The angle of slope of the cone is 45° so the energy radiated horizontally by the magneto- 
strictive cylinder is reflected at 45° from the cone’s inner surface and directed down- 

ward parallel to its axis. In this way all the radiated energy from the cylinder is in 
phase at the opening of the cone, and the greater part of the energy of radiation is con- 

centrated within an angle of 30°. The magnetostrictive elements and their reflectors 
are installed in a water-filled tank D fastened to the inside skin of the ship. The 
acoustic energy of the transmitting unit passes through the ship’s steel hull and is 
directed toward the sea bottom. The dash line HAH in figure 109 represents the effec- 
tive draft level of the unit (see 5512). 

4653824433 
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The reverse takes place in the receiving unit. The transmitting and receiving 
magnetostrictive units are identical, except that the driving coil of the transmitting 
unit is divided, the two halves being connected in parallel, but in the receiving unit 
this is a single undivided coil whose inductance is approximately eight times that of the 
transmitting unit. The nickel of the receiving unit is permanently magnetized by 
direct current being occasionally passed through the coil for a fraction of a second. 

The oscillation period of these magnetostrictive units is determined by their 
physical properties, the frequency being inversely proportional to the mean annular 
diameter and directly proportional to the velocity of sound in the magnetostrictive 
material. Discharge from the condenser into the coil of the transmitting unit sets up 

a field that causes the magnetostrictive cylinder to oscillate at its natural period. After 
excitation ceases, the oscillations die away after only a few cycles, because of loss of 
energy to the surrounding medium (water). The receipt of an echo signal causes a 
small change in the radial dimension of the receiving magnetostrictive unit, which in 

turn induces an electromotive force in the toroidal coil. It is this electromotive force, 
after amplification, that produces the record of the echo on the fathogram. 

528. Hucnes MS 12 D 

The depth recorder MS 12 D, manufactured by Henry Hughes «& Son, is a semi- 
portable graphic-recording instrument designed for hydrographic surveying in shoal to 
moderate depths from a small vessel. It is used by the Coast and Geodetic Survey 
for launch hydrographic surveys. Its depth range is from 3 feet to 100 fathoms. 

This instrument is composed of three units; a recording device, the transmitting 

and receiving units, and the batteries to furnish the necessary operating energy. 
The recording device is housed in a cast-metal cabinet containing the echo amplifier, 

recording mechanism, equipment for producing and timing the transmitted signal, and 
the necessary operational controls. The record is made on a predamped, starch-iodide 
paper that moves under the stylus at a constant rate. The stylus is carried at the end 

of a radial arm that revolves at constant speed. When the stylus is passing over the 
paper, the echo is recorded by the passage of an electric current from the stylus through 

the paper, causing a chemical change that leaves a dark stain on the surface of the paper. 
The instrument may be used to record in either feet or fathoms by the operation of 

a control that changes the speed of the stylus and paper by a factor of six, the depth 
range across the paper being respectively 60 feet, or 60 fathoms. Furthermore, the 
range may be increased by 40 by means of a control that advances the keying position 

by that amount. 
The speed of the operating motor is controlled by means of a centrifugal governor. 

A low d-c to high d-c motor generator furnishes the energy for the magnetostrictive 
transmitting unit. This energy is released from a charged condenser to the transmitting 
unit by means of a cam that closes a contact once each revolution of the stylus arm. 

Two pentode-type thermionic tubes are employed in the echo amplifier, whose only 
selective circuit is the input transformer which is tuned to the operating frequency 
(about 16 kc). Output voltages of the amplifier are converted to direct current by 
means of a copper-oxide rectifier, and it is this current that passes through the stylus 

and paper to make the record. 
Transmitting and receiving magnetostrictive units are installed in a streamlined 

stainless steel housing. The entire unit is secured to the launch in such a way as to 
offer the least resistance to the water, resulting in the least turbulence and aeration. 
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The magnetostrictive transmitting and receiving units are similar in design to those of 
the Veslekari graphic-recording instrument (see fig. 109), except that they are of less. 

cylindrical length and the reflectors are smaller. All required power is furnished from. 
a storage battery of about 200 ampere-hour capacity. 

529. BLUDWoRTH DEPTHOMETER 

The echo-sounding equipment manufactured by Bludworth Incorporated of New 
York was designed specifically to meet the requirements of the United States Corps 
of Engineers in their surveys of inland waterways, dredged channels, and other areas 

of comparatively shallow depths. This is a recording type of instrument, model 
ES-1000. It is not portable. 

Separate magnetostrictive transmitting and receiving units are used, similar to 
those of the Hughes MS 12 D (see 528 and 5273). These units may be installed inside 
a steel hull in a waterfilled compartment, their signals penetrating the hull plates, or a. 

streamlined housing containing the units may be supported outboard. The inside 
installation cannot be used with a wooden hull, unless a hole, closed by a metal plate or 
diaphragm, is cut in the hull. The transmitting unit is shock-excited by condenser 
discharge, a gas-filled trigger tube furnishing the relay action for discharge. 

The echo amplifier uses three thermionic tubes with adequate filtering to permit 
the passage of the frequency at which the magnetostrictive transmitting and receiving 

units are tuned. 

The fathogram is made on a facsimile type of paper with a printed scale, by means 
of a stylus carried on a rotating disk. Four different paper speeds are provided, 1%, 

2%, 334, and 5 inches per minute. The speed of the synchronous driving motor is con- 
trolled by a governor that operates on the d-c motor of a d-c to a-c motor-generator 
set, thus controlling the frequency of the a-c power that runs the synchronous driving 
motor. The motor speed is registered on a frequency meter that is calibrated in cor- 
responding revolutions per minute. 

A phasing control is arranged to permit extending the depth range of the fathogram. 
The initial phase is 0 to 60 feet, which is the limit of the printed scale. Three addi- 
tional phase positions add 50, 100, and 150 feet respectively to the initial position. 

The recording mechanism, echo amplifier, and numerous controls are all located. 
in a cast-metal cabinet. ; 

This echo-sounding instrument possesses several unique features, as follows: (1) 
Variable control and indication of driving motor speed, so that adjustments may be. 
made to compensate for the variation in the velocity of sound in water, thus eliminating 
the necessity for subsequent corrections due to velocity deviations (see 561 and 5616). 
(2) Control to correct soundings for height of tide. (3) Control to correct soundings. 
for draft, and squat and settlement (see 551 and 553). (4) A clock on the face of the 

recorder cabinet by which the time is recorded on the fathogram at minute and hourly 
intervals. (5) The travel of the paper is stopped while the stylus is passing over it,. 
thus reducing distortion of the record due to the motion of the paper. 

303. FOREIGN ECHO-SOUNDING INSTRUMENTS 

The fundamental principles of operation of echo-sounding instruments of European: 
manufacture are the same as for those made in the United States, the principal differ- 

ences being the manufacturing methods peculiar to each country and the types of the 
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component parts that constitute the instrument. Graphic recording and the use of 
supersonic frequencies were pioneered in Europe, with the result that there is a more ex- 

tensive application of them there. Visual types of echo-sounding instruments are also 
manufactured in Europe, but are used to a lesser extent. 

531. FrReENcH INSTRUMENTS 

A prominent French manufacturer of echo-sounding instruments uses the trade name 8.C.A.M. 

(Société de Condensation et d’Applications Mécaniques). Both visual and graphic-recording instru- 

ments intended for use in navigation and surveying are manufactured. One feature common to the 

instruments manufactured by this company is the use of high supersonic frequencies produced by 

means of the piezoelectric properties of quartz crystals. This type of acoustic transmitting and 

receiving unit is described briefly in 5161C, and is illustrated in figure 98. Electric energy to excite 

the quartz-crystal transmitting unit is furnished by a low-voltage d-c supply connected to the primary 

of a step-up transformer. The keying circuit interrupts the current flowing in the primary circuit of 

this transformer, inducing a high voltage in the secondary circuit. Through appropriate connections 

this voltage excites a tuned circuit whose frequency is the desired emission frequency. The oscilla- 

tions set up in this circuit are transmitted to the quartz-crystal transmitter, whose vibrations produce 

a train of damped acoustic waves in the water. The frequencies of the transmitting and receiving 

units of the various 8.C.A.M. instruments are from 29 to 65 kilocycles. 

5311. Langevin-Touly Electrolitic Recorder 

The Langevin-Touly electrolitic recorder is one of the standard instruments made by 8.C.A.M. 
The depth is recorded graphically on a moist electrolitic paper that passes under a cam-operated stylus. 

The stylus moves at a uniform radial rate across the paper in an arc from left to right, and returns by 

a very rapid reverse movement. The acoustic signal is transmitted at the beginning of the left-to-right 

movement, the echo registering on the paper during this travel. Some of the principal features of 

this recorder are: 

(a) A depth range from 3 to 300 meters, with successive additional phases of 300 meters each. 

(b) The graduations of the depth scale are marked directly on the fathogram by means of a multi-division brush. 

(c) The use of high supersonic frequency produced and received by quartz-crystal units. 

(d) A recording mechanism operated by a 7-volt motor operated from an 8-volt storage battery. 

(e) A paper speed of 36 inches per hour, one roll of paper lasting 40 hours. 

(f) An attached magnifying glass to aid in scanning the fathogram. 

(a) A motor speed indication by means of a stroboscope. 

5312. Echometre 

The indicating device of this instrument operates in a manner similar to a string galvanometer. 

A beam of light falls on a small mirror and the echo voltage operates an electromagnet which rotates 
this mirror through a small angle, causing a vertical deflection of the light beam. After reflection from 

this mirror, the light strikes another mirror which rotates at a constant rate about a vertical axis for 

a few degrees in one direction, returning in the opposite direction very rapidly to the starting point. 

The light reflected from the second mirror falls on a translucent scale which is graduated in fathoms, 

or meters, or both. The spot of light thus travels from left to right across the depth scale at a constant 

rate. On reception of the transmitted and. echo signals the first mirror deflects this spot of light ver- 

tically, and at such points the light forms a peak rising above the base line of light, adjacent to the scale. 

The signal is transmitted at the beginning of the left-to-right travel of the light spot. Some of the 

features of the Echometre are: 

(a) A sounding range from 3 to 660 meters. 

(b) The use of a high supersonic frequency, the signal being produced and received by quartz-crystal transmitting and receiving 

units. 
(c) The depth-indicating mechanism, echo amplifier, and high-frequency generating equipment to energize the transmitting unit 

all in a single cast-metal cabinet. 
(d) The visual indicating device operated by a spring-operated clock motor whose speed is controlled by a governor. 

(e) A ratchet wheel that rotates a mirror horizontally by means of a pawl at a constant rate in one direction and releases the paw] 

at a determined point to let the mirror and pawl snap back to the starting point. 

(f) Soundings taken at the rate of six every 7 seconds. 

(g) A circuit that permits listening for the echo. 

(h) The type of bottom is approximately indicated by the shape of the echo trace on the indicator. 
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5313. Echoscope 

The Echoscope is a visual depth-indicating device designed especially for sounding in shoal 

water. Like the Echometre, the depth-indicating device operates on the principal of the string 

galvanometer oscilloscope and, except for minor differences in the optical system, the indicating 

mechanisms of these instruments are quite similar. The principal features of this instrument are: 

(a) A depth range of 1 to 60 meters. 

(b) The use of high-frequency supersonic signals. 

(c) The instrument is portable, intended for shoal-water sounding from small boats. 

(d) Use is made of a single quartz-crystal acoustic unit for both transmitting and receiving. This unit may be supported over 

the side of the vessel or installed in its hull. 

(e) The depth-indicating device, echo amplifier, and high-frequency generating equipment for energizing the transmitting unit, 

all in a single cast-metal cabinet. 

(f) An indicating device run by a spring-operated clock motor. 

(9) All electric energy derived from batteries. 

0314. S.C.A.M.—Touly 

The depth-indicating part of this echo-sounding instrument is quite similar to the visual-indi- 

cating instruments made in the United States. The indicating mechanism is housed in a metal box 

in whose face a circular opening is cut, concentric with which is a graduated depth scale. Adjacent 

to and just behind the scale is a rotating mirror carried on a radial arm. Light from a stationary 

neon tube falls on the mirror and is reflected to the depth scale in such a way that a band of light 

indicates the depth. The operation is as follows: As the rotating mirror passes the zero point on 

the depth scale, a cam-operated switch causes the transmitting unit to be energized. From this 

time until the echo is received the neon tube is not illuminated, but when the echo returns the neon 

tube flashes and remains illuminated until it is extinguished at the zero of the depth scale. The 

beginning of this illuminated are is the measured depth. Some of the features of the 8.C.A.M.— 

Touly instrument are: 

(a) The use of high-frequency supersonic signals. 

(6) A depth scale graduated from 0 to 400 meters. 

(c) All operating energy derived from batteries. 

(d) The driving motor speed controlled manually. 

(e) A belt-driven centrifugal tachometer indicates motor speed by means of a needle moving over a scale. 

(f) A manually operated button by means of which transmission is suppressed at will; as, for instance, when it might interfere 

with the reception of the echo when the depth is near 400, 800, 1,200 meters, ete. 

532. ENGLISH INSTRUMENTS 

Henry Hughes & Son, Limited, of London, England, manufactures a large variety of echo- 

sounding instruments. This company makes both graphic-recording and visual instruments, uti- 

lizing both sonic and supersonic frequencies. Some of the instruments are portable and some require 

permanent installation. These instruments may be broadly classified as: 

(a) A graphic-recording instrument that makes use of sonic frequencies, the sound being produced by a hammer or striker. This 

instrument is intended for use in moderately deep water and is known as the Challenger type. 

(b) The graphic-recording instruments of the MS class that make use of supersonic frequencies, produced and detected by means 

of magnetostrictive units. A variety of instruments of this class is made, varying in maximum scale range from 70 feet to 4,500 meters. 

Some of these instruments are portable, but others are for permanent installation. 

(c) A visual-indicating instrument. 

5321. Sonic Recording Instrument: Challenger 

The graphic-recording sonic instrument contains the following features: 

(a) The sound is produced by a hammer or striker. 

(b) The echo is recorded on sensitized starch-iodide paper. 

(c) A scale range of 250 fathoms with five phasing positions of 0, 200, 400, 600, and 800 fathoms, which values are added to the 

recorded soundings. 

(d) The recording mechanism and echo amplifier are housed in a single cast-metal cabinet. 

59322. Graphic-Recording Instrument: MS Class 

All the MS type graphic-recording instruments record on a moist starch-iodide paper. In 

some models a rotating radial arm carries a stylus that sweeps in an arc across the record paper, 

while in other models the stylus is moved linearly across the paper at a constant speed, the stylus 
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being lifted from the paper on its return. Most of the MS instruments have one or more phases to 

extend the depth range. 

Toroidal-shaped magnetostrictive transmitting and receiving units are employed with frequencies 

of 16 kilocycles. These units are described in 5273 and illustrated in figure 109. For portable 

installations the magnetostrictive units are housed in a streamlined casing, while for permanent 

installations they are housed in water-filled tanks secured to the inner side of the steel hull of the 

vessel. Shock excitation from the discharge of a condenser is used to excite the transmitting units. 
The keying mechanism that brings about the condenser discharge operates in conjunction with the 

indicating mechanism. 

All the portable instruments are operated exclusively by power from dry and storage batteries; 

but, in addition to batteries, the permanently installed deep-water equipment requires power from 

the ship’s 110-volt d-c source for driving-motor and transmitting-unit operation. 

The recording mechanism and echo amplifier are housed in a single cast-metal cabinet. All the 

controls necessary for operation are located on the front and side of this cabinet. 

The echo amplifier consists of two or more thermionic tubes and its input transformer is tuned 

to the frequency of the echo signal. In the output of the amplifier a copper-oxide rectifier converts 

the alternating current to direct current before it is applied to the recording stylus. 

Two of the MS type graphic-recording instruments used by the Coast and Geodetic Survey are 

described in 527 and 528. 

5323. Visual-Indicating Instrument 

The Hughes visual depth-indicating device consists of a rectangular solenoid which rotates at a 

constant angular velocity proportional to that of sound in sea water. A soft-iron needle is mounted 

inside the solenoid so that its axis of rotation coincides with the axis of rotation of the solenoid. A 

pointer that moves over the calibrated depth scale is coupled to the soft-iron needle. As the solenoid 

is energized by the impulse of the echo, the needle tends to set itself parallel to the axis of the solenoid. 

The result is that the pointer moves to the position of the rotating solenoid at the instant the echo 

is received. The remaining parts of the instrument are similar to the equipment previously de- 

scribed. 
5324. Marconi Company Instruments 

Because of the affiliation between the Marconi Company of England and 8.C.A.M. of France, 

many of the echo-sounding instruments manufactured by these companies are quite similar. The 

Marconi Company makes visual-indicating and graphic-recording instruments so nearly resembling 

the 8.C.A.M. Echometre and Electrolitic Recorder as not to warrant further description. Quartz- 

erystal transmitting and receiving units are used similar to those already described in 531 for the 

French instruments. 

In addition to the piezoelectric units, the Marconi Company makes use of magnetostrictive units 

in certain other instruments. One instrument, called the ‘‘Zero to 150-fathom Navigational Equip- 

ment,’’ employs the Echometre visual indicator, or an electrolitic recorder, in conjunction with 

magnetostrictive transmitting and receiving units. Another instrument for use in greater depths 

incorporates an electrolitic recorder with magnetostrictive units designed to furnish more acoustic 

energy; the depth range of this instrument is from 0 to 3,000 fathoms. 

The magnetostrictive element consists of a 5-inch core composed of a number of rectangular 

nickel laminations through which the magnetic flux passes, the remainder of the magnetic circuit 

‘being completed through a high-permeability nonmagnetostrictive material. The entire unit has 

the appearance of a core-type transformer, the core of which has a few turns of wire wrapped around 

it. The ends of the magnetostrictive core act as the emitting surfaces. The sound energy from the 

ends of the core is directed toward the bottom by means of reflectors. This assembly is installed in a 

water-filled tank which is fastened against the inside of the hull plates of the vessel, the sound pene- 

trating the plates. Where increased acoustic energy is required for deep-sea sounding the hull plating 

below the tank is cut and a thin metal plate inserted; in addition, more electric energy is supplied, 

and fewer turns are wound around the magnetostrictive core. These magnetostrictive units are 

shock-excited by the discharge of a condenser. 

533. GERMAN INSTRUMENTS 

The echo-sounding instruments manufactured by the Atlas Werke Company of Bremen, Germany, 

are of the visual-indicating type and employ magnetostrictive units to transmit and receive the 
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acoustic signals. In appearance and operation the indicating device of this instrument is quite 

similar to that of the 312 Fathometer which is described in 521. A neon tube rotating behind the 

depth scale indicates the depth by its flash. A governor-controlled motor rotates the neon tube and 

operates the keying cam. ‘The energy to operate the transmitter is supplied by the discharge of a 

condenser into the coil windings of this unit, thus producing shock excitation to the magnetostrictive 

elements which in turn set up the acoustic waves in the water. The transmitting and receiving units 

are installed in strong water-filled tanks, mounted inside the ship’s hull as described in 543, or an 

opening may be cut in the hull over which the tanks are installed, the opening being replaced by a 

thin metal diaphragm. The instrument has two depth scales, one from 0 to 100 meters, and the other 

from 0 to 1,000 meters, selection between which is by means of a switch. A graphic attachment 

may be used in conjunction with the visual-indicating device and in this way the advantages of both 

types of instruments may be realized simultaneously. 

54. ECHC=SOUNDING INSTRUMENT INSTALLATION 

Much of the effectiveness of an echo-sounding instrument depends on the installation—not only 

as to convenience but as to the results obtained. Each type of instrument requires a different instal- 

lation, which must often be modified for different ships. The general factors to be considered are as 

follows: (1) The available space for the various parts of the instrument—the indicator must be 

conveniently located for use in surveying, and all parts should be where they are protected from 

weather, heat, dirt, and vibration, and they must be accessible for adjustment and repair. (2) 

The parts should be arranged so that the connecting electric cables can be installed conveniently and 

where they are not exposed to damage. (38) The transmitting and receiving units should be located 

where they will be most effective. 

Since there is a wide variation in these factors even on ships of the same type, installation pro- 

cedure can be described only in generalities. 

541. Dorsey No. 1 INSTALLATION 

The indicating device of an echo-sounding instrument is located in the pilothouse of most survey 

ships of the Coast and Geodetic Survey. This is the most convenient location for use both in hydro- 
graphic surveying and in navigation. The after bulkhead of the wheelhouse is usually a desirable 

location and affords a rigid support for the indicator cabinet. 

The indicator cabinet of the Dorsey Fathometer No. 1 must be located where there is a space 

on each side which will permit opening the doors, and where there is a sufficient clearance above it 

so that the photoelectric tube, exciter lamp, and index adjustment are accessible. The echo amplifier 

should be close enough to the indicator cabinet so that the operator can reach the amplifier gain 

control and still have a full view of the depth dial. This arrangement is also desirable for electric 

reasons. 
In most cases the equipment can be fastened directly to the deck or bulkhead, but on ships where 

vibration is excessive, some of the equipment, such as the echo amplifier, must be mounted on vibra- 

tion-absorbing mounts. 
The power supply can be installed in any suitable place in the ship, but the numerous cables 

between the power supply, indicator cabinet, and amplifier, make it desirable to keep these three 

units reasonably close to each other. The power supply and echo amplifier should be separated by 

at least 5 feet to avoid possible electric interference. 

The most careful consideration must be given to the location of the transceiver. It should be 

located where the maximum echo signal to noise ratio is to be expected. This ratio is a function of 

the impedance to transmission of acoustic waves and the spurious noises generated either in the ship 

or by the passage of the ship through the water. Aeration and turbulence (5143) are causes of both 

sound attenuation and noise and should be considered when selecting the site for the transceiver. Ex- 

perience has proved that a point a little forward of amidships is generally relatively free from aeration 

and turbulence. Farther aft turbulence increases, and farther forward there are likely to be installa- 

tion difficulties because of the shape of the hull. The transceiver should be located as near the keel as 

possible, since aeration and turbulence diminish as this point is approached. The engine room and 

the propeller are usually principal sources of noise, so it is important to place the transceiver a reason- 

able distance forward of the engine room. It should be at least 10 feet from, and never directly aft of, 

any discharge or intake pipes, submerged log mechanism, or any other protrusions from the ship’s hull. 
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The transceiver is housed in a cast-steel tank (fig. 105), which can be installed in almost any type 

of ship, it being only necessary to cast the holding ring of the housing to fit the slope of the ship’s 

bottom at the selected location. The transceiver must be installed so that its diaphragm is parallel 

to the surface of the water. To reduce turbulence due to the projection of the housing beyond the hull, 

a streamlined blister of steel plate or reinforced concrete is built around it, or on a wooden vessel it 

can be made of wood bolted to the hull. As can be seen in figure 105, the transceiver is set in the hous- 

ing in such a way as to form a watertight bottom, the transceiver’s diaphragm being in contact with 

sea water. Rubber gaskets between the transceiver and housing prevent any part of the transceiver 

from being in direct contact with metal, to eliminate or dampen the effect of hull vibrations on it. It 

is important to verify that all these gaskets are in place before the transceiver is installed. The 

electric cable to the transceiver should be sheathed with a lead or copper covering, or be run in a con- 

duit, where it passes through the bilge, to protect it from oil and water. 

Where a filter junction box is used with the Dorsey No. 1, to introduce the polarizing current, it 

should be located near the transceiver. 

Shielded cable should be used between all units. Although multiconductor cables may be used 

in some cases, the following cables, without exception, should be individually and completely shielded 

from source to terminus: (1) The 17.5-ke cable from power supply to transceiver; (2) the 17.5-ke 

cable from power supply to echo amplifier; (3) the output of the echo amplifier to the indicator cabinet; 

(4) the 1025-cycle cable from power supply to indicator cabinet; and (5) the 60-cycle 110-volt cable 

to all parts. <A high grade of cable suitable for marine use must be employed; only two sizes are needed 

for the entire installation. The cable between the power supply and transceiver should be shielded, 

low-capacity, two-conductor No. 10 stranded wire, insulated for 2,000 volts or more. The cables for 

all other parts may be shielded No. 14 conductor, insulated for 2,000 volts or more. 

Where the cables are exposed to possible damage, they should be run through conduits. Wick 

pipes should be used where they pass through decks or bulkheads. Watertight junction boxes must 

be used at the unions of two or more cables. 

The longer cables should be bonded to the ship at intervals. Where practicable each separate 

piece of equipment should be directly grounded but, if this is impracticable, the separate cables should 

be all bonded together with wire and this wire grounded directly to the steel frame of the ship. 

542. Dorsty Nos. 2 ann 3 INSTALLATION 

All the instructions for installation of the Dorsey Fathometer No. 1 apply equally to the Dorsey 

Fathometer Nos. 2 and 3, except for the size of the indicator and the installation of the sonic system 

of the 312 Fathometer to work in conjunction with them. 

Since there are differences in the sizes and construction of the indicator cabinets of the Dorsey 

Nos. 1, 2, and 3, each should be located with due regard to its weight and to affording accessibility to 

its interior. The Dorsey No. 2 indicator cabinet should be located where there is a free space on each 

side so that the doors can be opened, while the Dorsey No. 3 requires a space through which the front 

may be opened through an angle of 90°, as well as clearance above it. Because of its weight, the Dorsey 

No. 3 indicator cabinet should be supported on its base, in addition to any bulkhead fastenings. 

The Dorsey Fathometer Nos. 2 and 3 are combined sonie and supersonic instruments, and since 

the sonic frequency of 1050 cycles is quite close in frequency to the 1025-cycle frequency of the cur- 

rent of the motor driving the indicating mechanism, there is a possibility of strays, caused by the 1025- 

cycle current, interfering when the sonic system is used. To guard against this, the 1050-cycle echo 

amplifier and its input wires must be at least 10 feet from the power supply, the indicator cabinet, and 

any wires carrying 1025-cycle current. It has been found convenient in some eases to locate this 

sonic echo amplifier in the ship’s hold near the hydrophone tanks. 

543. VESLEKARI INSTALLATION 

The factors governing the location of the indicator cabinet of the Dorsey Fathometers apply also 

to the Hughes Veslekari graphic-recording instrument. There should be adequate room on each side 

of the recorder cabinet to permit operation of the various controls, and sufficient space in which to 

open the hinged front. 

The high- and low-voltage batteries to operate the echo amplifier are contained in a box which 

should be in the vicinity of the indicator cabinet. A charging panel and resistor for charging the 

low-voltage batteries should be mounted near the battery box. The battery wires to the recorder 

cabinet should be shielded. 
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The contactor box which furnishes the energy for the magnetostrictive transmitting unit must be 

located not more than 15 feet from it. This box should be mounted in a vertical position, in a readily 

accessible place, and so it is free from vibration. The front cover is hinged, and space should be al- 

lowed for it to swing either to the left or to the right sufficiently to make the interior accessible. 

The site for the tanks containing the acoustic units should be selected with care. The same 

considerations apply which were mentioned in 541 in connection with the location of the transceiver 

and in addition there are other factors to be considered. ‘The transmitting and receiving units should 
not be so far apart as to introduce an appreciable error in shoal soundings due to their physical 

separation (see 556), yet they should be far enough apart to reduce the effect of the transmitted 

signal on the receiving unit, so that the registration of the transmitted signal will not be unduly 

prolonged, making shoal soundings impossible. 

Tanks to house the magnetostrictive units and associated reflectors are designed to fit the particular 

ship on which they are to be installed. The selected location, frame spacing, and other constructional 

details influence their design. The following is an abridged excerpt from specifications for the con- 

struction of such tanks installed on two Coast and Geodetic Survey ships: 

Tanks to be made of quarter-inch iron, rolled into a cylinder 25 inches long with an inside di- 

ameter of 19 inches, and welded along the seam. Tanks to be provided with watertight covers of half- 

inchiron held down to the tank top by four half-inch brass bolts. No bolts or fittings to be on the inside 

of the tank. The following holes to be drilled in each cover: (1) center hole, to pass spindle for hold- 

ing the reflector, must be accurately located on the axis of the tank to make the reflector concentric 

with the inside of the tank; (2) two holes for watertight glands for the passage of electric cables; and 

(3) two half-inch tapped holes for filling the tank with water. 

Sometimes the transmitting and receiving units are placed on opposite sides of the keel, but not 

necessarily between the same frames. A separation of 4 to 10 feet is usually satisfactory. The tanks 

should be located where the slope of the hull plates does not exceed 19°, and the lower edges of the 

tanks must be shaped to the plates to ensure watertightness and that the sides of the tank are vertical. 

All cement and paint must be removed from that part of the ship’s plates that will form the bottom 

of the tank. The tanks may be secured to the inside of the hull plates by welding, or by means of a 

pressure fit. The welding may be on the inside or outside of the tank, but if inside it should not ex- 

tend into the area of vertical projection of the reflector. To secure the tank by pressure fit a strong- 

back may be used, fitted between the frames and arranged so as to apply vertical pressure on the tank 

and so press it securely against the ship’s plating. A rubber gasket should be used between the lower 

edge of the tank and the plating. 

The receiving-unit tank should be located with the same care required for a transceiver (see 541), 

and in addition, this tank should have no direct contact with bulkheads or ship’s water tanks. The 

magnetostrictive units should not be installed in the ship’s water tanks, nor should the tanks they 

are in be located so near the keel that they will be in the bilge water. 

Three shielded cables, insulated for 2,000 volts, connect the recorder, contactor box, and the trans- 

mitting and receiving units. A three-conductor shielded cable of No. 14 wire runs from the recorder 

cabinet to the contactor box; a two-conductor No. 12 shielded cable connects the contactor box to the 

magnetostrictive transmitting unit; and a third cable of the same specifications connects the magneto- 

strictive receiving unit to the echo amplifier located in the recorder cabinet. These cables should be 

separated from one another by at least 2 feet, and should all be bonded to the metal frame of the ship 

at intervals. The cables should pass through stuffing boxes where they enter the transmitting and 

receiving unit tanks. These tanks must be kept filled with fresh water. If there is danger of the 

water freezing, Prestone or an equivalent should be added in amount equal to 20 or 30 percent of 

the water. 

544. SEMIPORTABLE INSTALLATIONS 

The general procedure for the installation of a semiportable instrument, such as 
the 808 Fathometer, has been described in 5236. The same kind of an installation is 
applicable in the case of the Hughes MS 12 D recording instrument, making allowance 
for the constructional differences of the two instruments. 

465382—44—__34 
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545. THe ADVANTAGES OF Two EcHo=-SouNpDING INSTRUMENTS 

It has been found advantageous to have two echo-sounding instruments on vessels 

engaged in extensive hydrographic surveys, so that each may be used to its best ad- 
vantage and so there will be no loss of time due to instrument failure. Most echo- 
sounaing instruments are designed to operate to best advantage within a certain depth 

range and, in addition, some types of instru- 
DORSEY FATHOMETER No. 3 ments will give more detailed information 
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bottom. 
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depths beyond the range of the 20-fathom 
scale, and instances have occurred in the past where the rapid changes of depth have 
confused the fathometer attendant so that he added the wrong multiple of 20 fathoms 
to the dial reading. In such cases the fathogram of the 808 Fathometer is invaluable 
as a means of verifying the depths. 

Another combination of echo-sounding instruments that has proved valuable is 
the Dorsey Fathometer No. 3 and the Hughes Veslekari. The recording feature of the 

Veslekari instrument supplements the Dorsey Fathometer in the same way the fatho- 
gram of the 808 Fathometer supplements the Dorsey No. 1. In deep water where the 

bottom is extremely irregular, as in submarine valleys, the soundings of the Dorsey 
Fathometer operating on the 312 Fathometer sonic system are often difficult to interpret 
due to multiple reflections from slopes, but the fathogram of the Veslekari instrument 
will show a pattern of soundings that usually can be analyzed to give a more nearly 
correct value of the depth. The Veslekari instrument is a useful supplement to the 
312 Fathometer for the same reasons. 

In order to avoid serious loss of time in isolated regions because of failure of the 
echo-sounding equipment, a Dorsey Fathometer No. 3 and a complete 312 Fathometer 
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system have been installed on some vessels. Although the two instruments are not 
interchangeable as to depth range, they were interconnected so that the 312 Fatho- 
meter could be operated independently. Figure 110 shows the circuit arrangement by 
which the sonic-oscillator and echo-amplifier system can be switched to either the 312 

Fathometer or the Dorsey Fathometer. When the switch is down the complete 312 
Fathometer system is in operation. When the switch is up, the oscillator and echo 
amplifier are operated in conjunction with the Dorsey Fathometer, and the soundings 
will be registered on the dial of the Dorsey Fathometer indicator. 

55. ADJUSTMENT AND VERIFICATION OF ECHO-SOUNDING INSTRUMENTS 

For utmost accuracy all depths measured by echo-sounding instruments must be 

corrected instrumentally, or otherwise, for certain variable factors and conditions; 
although, practically, some inherent errors are so insignificant that they may be ig- 
nored, or are so nearly constant that an initial adjustment of the instrument may 
suffice. 

Where practicable, compensating adjustments should be made to the echo-sounding 

instruments for certain factors, so that the soundings as registered will have been 
corrected by the appropriate amounts. This eliminates a subsequent arithmetical 

reduction with its possibility of error, and reduces the office time required to complete 
the records. 

Draft (551), instrumental error (552), and settlement and squat (553) are factors 
for which compensation may be made by an appropriate adjustment of the instrument. 

The effect of each of these is determined individually and then combined algebraically 
into a total for which allowance is made by setting the index of the instrument according 
to 554. 

All echo-sounding instruments in use by the Coast and Geodetic Survey in 1941 are 
driven by motors which must be maintained at a constant speed, or the registered depths 
will be erroneous. In some echo-sounding instruments a special test is required to 
detect a variation in motor speed of appreciable effect, the test varying with the type of 
instrument. This test must be made periodically to ensure that the instrument 

operates at the correct speed, and an adjustment must be made if necessary. (See 555.) 

If soundings are obtained with instruments using separate acoustic units for 
transmitting and receiving, an error due to the horizontal distance between the two 
units must be avoided by compensation or correction. This is known as the separation 
error (see 556). 

ool. DRAFT 

The depth of water registered by an echo-sounding instrument used in hydro- 
graphic surveying should be the depth below the water surface, and not the depth below 

the submerged acoustic units. The common method of allowing for the draft of the 
transmitting and receiving acoustic units, is to delay the transmission of the signal by 
a time equal to twice that which would be required for the sound to travel from the 
surface of the water to a depth equal to the draft of the acoustic units, which in turn is 
equal to a reading of this depth on the dial of the instrument. Draft with reference to 
echo-sounding corrections shall be understood to be the mean depth of the transmitting 

and receiving units below the surface of the water when the ship is not underway. 

Provision must be made, or special instruments must be installed, to measure the 

draft on ships having the acoustic units permanently mounted in the hull. An internal 
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draft gage may be installed by which the draft of the acoustic units may be read directly, 
or the draft marks on the bow and stern or on the sides of a vessel may be used to find 
the draft of the acoustic units. A third method involves the use of permanently 
marked reference points at convenient locations on the main rail or deck of the vessel. 
In the latter method, knowing the vertical distance of the reference points above the 
acoustic units, their draft at any time may be determined by measuring the vertical 
distance of the reference points above the water surface and taking the difference 
between the two vertical distances. 

5511. Facilities for Draft Measurement 

The draft of an acoustic unit is the vertical distance from the water surface to 

some reference point on or in the unit. This point is usually the sound transmitting 
or receiving surface, which in most cases is a diaphragm. For systems employing 

separate transmitting and receiving units the draft is the vertical distance to the 
midpoint of an imaginary line joining these two units. The draft of the acoustic units 
of echo-sounding instruments employed by the Coast and Geodetic Survey shall be 

measured from the surface of the water to the following: 

(a) 312 Fathometer—to the midpoint of an imaginary line joining the center of the diaphragm 

of the 324 oscillator and center of the hydrophone. 

(b) Dorsey Fathometer No. 1—to the lower surface of the diaphragm of the transceiver. 

(c) Dorsey Fathometer No. 3—the same as the Dorsey Fathometer No. 1 for the transceiver, 

and the same as the 312 Fathometer for the 324 oscillator and hydrophone. 

(d) Veslekari—to the midpoint of an imaginary line joining the tops of the reflecting cones. 

The proper point on the top of the cone is in the plane indicated by the line HH in.figure 109. For 

the MS 12 D, measurements should be made to this same plane, although, of course, the cones are 

contained in a fish. 

(e) 808 Fathometer—to a point 6 inches below the top of the fish, and not from the bottom of 

the cover plates. 

The draft of an acoustic unit permanently installed in the ship’s hull may be 
determined (1) by measuring the vertical distance from the surface of the water to 
reference points on the ship’s rail or on deck, which are at a known vertical distance 
above the acoustic unit, (2) by an internal draft gage especially installed for the purpose, 
or (3) by existing draft marks or gages. A draft gage is usually installed while the ship 
is in drydock and the required measurements to establish any permanent reference 
marks may also be conveniently made at this time. 

If reference points on deck are to be used, points should be selected on both sides 
of the ship, preferably on top of the main deck rail, at positions abeam of the acoustic 
units. These points should be at a known vertical distance above the acoustic unit, 
or above their mean position if there are separate transmitting and receiving units, 

and permanently marked for identification, as by metal plates, and their positions and 
vertical distance above the acoustic units marked on the ship’s blueprints. If there 
is more than one echo-sounding instrument, the plates should contain the data for each. 

The measurement of the vertical distance of the reference points above the mean 
level of the acoustic units, or the measurements to set the zero of the scale of an internal 
draft gage to the horizontal plane of the acoustic units, may be best made when the 

vessel is in drydock, with the aid of an engineer’s level and a steel tape. 
An internal draft gage for use in determining the draft of acoustic units should be 

installed near the acoustic units and connected to an independent opening through the 
hull. The gage may consist of a brass pipe connected to the intake, to which is con- 
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nected by means of a stuffing box, a %-inch diameter glass tube, installed vertically 
with its midpoint at about the normal draft of the ship. The glass tube must be long 
enough to cover the extreme range of draft. The upper end of the tube should be open 

to prevent a pressure or vacuum developing above the water in the tube. A gate 
valve should be incorporated in the lower part of the gage so that the connection may 
be closed off, except while the gage is being read. 

A scale graduated in feet and tenths, with its zero at the level of the acoustic 
units, should be secured behind the glass tube, so that the level of the water in the 
glass tube will indicate on the scale-the draft of the acoustic units. A few drops of 
oil, or a small cork ball, may be placed on the surface of the water to aid in reading 
the draft. The length of the graduated part of the scale need be only long enough to 
cover the extreme range in draft of the vessel. 

The scale of the gage can be set originally by test. With the vessel stationary in 

calm water, take a series of measurements from the reference marks described above 
to the surface of the water, compute the draft of the acoustic units, and then set the 

draft gage scale to this draft. Even though the scale may be adjusted. for use with 
a particular acoustic unit, or pair of units, it may also be used for the draft of other 
acoustic units in the vessel, by applying an allowance for the difference in draft of the 

units. A sufficient number of comparisons must be made over the normal range of 
the draft of the vessel caused by light or heavy loading. 

Draft marks on the stem and stern of a ship, or internal draft gages installed on some 
ships, to indicate the ship’s draft, also may be used to determine the draft of acoustic 
units once the correct relationship has been determined. The marks or gages usually 
indicate the depth of the keel below the water surface at their positions. If the hori- 

zontal distances between the draft marks, or gages, and the acoustic units and their 
vertical relationship are known, the draft of the acoustic units may be found by simple 
proportion. <A scale diagram of these relationships may be prepared and used to find 
the draft of the acoustic units graphically from the gage or draft-mark readings. 

59512. Measurement of Draft 

To determine the draft of the acoustic units from reference points on the ship’s. 
rails, the distance between these points and the surface of the water must be measured 
accurately. Accurate leadlines marked in feet and half-feet or light wooden rods with: 
a scale in feet and tenths may be used for the purpose. The measurements should be: 

made on both sides of the ship simultaneously while the ship is stopped and preferably 
where the sea is calm. Several measurements should be made. Each pair of meas-- 
urements should be meaned and the average of the pairs subtracted from the vertical 
distance between the reference points and the acoustic units. The result will be the: 
draft of the units. 

To determine the draft of the acoustic units from an internal draft gage, it is only 
necessary to open the gate valve and allow the water to seek its level in the glass tube 
and then read the draft at the water level from the graduated scale. The ship must 
be stopped while taking the measurement. The observer’s eye should be at the level 
of the water surface. After the draft has been measured the gate valve should be 
closed. 

For sounding in depths of less than 10 fathoms the draft should be measured to the. 
nearest quarter-foot. 
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The draft of the acoustic units must be recorded in the Sounding Record in the 
appropriate space in rubber Stamp No. 33, Sounding Apparatus (see fig. 176). This 
stamp provides a separate entry for the draft of the oscillator and the hydrophone 
used. Where a transceiver is used, or where it is more convenient to determine the 
mean draft of the transmitting and receiving units, the one entry will suffice if the 
facts are clearly indicated. 

If there are separate transmitting and receiving units, it is their mean draft which 
is used for the purpose of draft adjustment. 

5513. Frequency of Draft Measurements 

The variation in the ship’s draft and the depth of the soundings are the two factors 
which determine the frequency of draft measurements. 

For soundings of 10 fathoms or less the draft should be known within one-fourth 
foot and should be measured with sufficient frequency to ensure this. Depending on 
the variation in the ship’s draft, this may require a measurement once each day, 
usually at the beginning of the day’s work, so that the echo-sounding instrument may 
be adjusted before any soundings are taken. 

For soundings deeper than 10 fathoms the draft should be known within at least 
one-half percent of the depth of water. 

For soundings in deep water where the possible error due to erroneous draft 

adjustment is only a very small percentage of the total depth, an accurate knowledge 
of the draft is unimportant and echo-sounding instruments are usually adjusted for 
a mean draft. 

502. INSTRUMENTAL ERROR 

Errors caused by instrumental time lags are inherent in all echo-sounding instru- 
ments, and some have mechanical lags. Their effect on echo sounding is to increase 
the registered depth to a value greater than the actual depth. Such errors differ in 
magnitude for each type of instrument, and are unlikely to be exactly the same even for 
instruments of the same design. Furthermore, such errors are variable in which changes 
may be attributed to: (1) Variation of tuning and gain of the echo amplifier; (2) varia- 

tion in strength of the transmitted and echo signals; (3) adjustment of the keying 
circuit; and (4) deterioration of tubes and other parts. There are numerous other minor 

causes of such errors, but they are usually of small magnitude, and are relatively con- 
stant and therefore need not be considered for correction purposes. 

Perhaps the most troublesome source of instrumental time lag is that due to a 
variation in the strength of the registered echo signal. As its strength decreases, the 
value registered on the dial increases and is always too large. This may be the result 
of varying the gain of the amplifier or of a variation in the strength of the received echo 
signal before amplification. A variation in the gain of the amplifier affects the regis- 
tered depth and it has been repeatedly emphasized in this Manual that the amplifier 
must be operated at the highest gain practicable without introducing too many strays. 
A reduction of gain may increase the registered depth by an appreciable amount. (See 
5163 and 5237.) The variation in the strength of the echo signal before amplification 
is complex—it is partly a function of depth but may be due also to the character of the 
bottom or the characteristics of the water. This latter variation cannot be compen- 
sated for by a simple instrumental adjustment, but if the range of depth in the project 
area is limited, this error is small as compared to other errors. 
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Although the above-mentioned errors are variable to a certain extent, most of the 
variations are small compared to the total amount, and the important changes are 
gradual. The various instrumental lags are principally additive, and their sum may 
be of such a magnitude as to require instrumental compensation or an arithmetical 

correction to the soundings. For correction purposes these errors are combined with 
other unknown quantities, the total being called the instrumental error, which is 
determined periodically and compensated for instrumentally. It is especially important 
that this be done where the survey includes precise sounding in shoal depths. 

5521. Determination of Instrumental Error 

The amount of the instrumental error is determined by comparing echo soundings 
with simultaneous direct vertical measurements of the depth. Such simultaneous 
depth measurements are usually called simultaneous comparisons. The echo-sounding 
instrument must first be adjusted for the draft of the transmitting and receiving units. 
A carefully standardized leadline, or wire registering on an accurately calibrated sheave, 
and a heavy lead must be used for the vertical measurements. The simultaneous 
comparisons must be corrected—the echo soundings for the velocity of sound, and the 
leadline or wire soundings for any leadline error or sheave factor. The difference 
between the simultaneous comparisons after correction, without regard to sign, is the 
instrumental error. The correction for this error is called the instrumental correction, 
and may be plus or minus. Where the index has been adjusted to compensate for the 
amount of settlement and squat while underway (see 553), that amount must be applied 
to the observed echo soundings from the stationary vessel to bring the simultaneous 
measurements to the same plane (see table in 5522). 

If the draft has been properly compensated for, the instrumental correction is the 
quantity that must be applied to the echo sounding corrected for velocity, to make it 
agree with the depth measured by leadline or wire. This is accomplished instrument- 
ally by adjusting the index for the amount of the instrumental correction. 

Although some types of echo-sounding instruments may require special consider- 

ation when the instrumental error is determined, the general procedure is essentially 

the same for all instruments that have acoustic units permanently installed in the 
ship’s hull. This general procedure is as follows: 

(1) Operate the echo-sounding instrument for at least one-half hour before use. 

(2) Set the amplifier gain at the value normally used when surveying—not necessarily at the 

value to give best results in the depth in which the test is made. 

(3) The ship must be stopped, or at anchor, where the bottom is level and comparatively hard, 

and preferably in a depth not exceeding 25 fathoms. The sea should be moderately smooth so the 

ship will have little or no vertical motion, and so that the vertical casts will be accurate. 

(4) Determine the draft of the acoustic units in accordance with 5512 and adjust the instrument 

so that the index will compensate for the draft. 

(5) A minimum of five simultaneous comparative soundings should be taken. The echo soundings 

should be read by the operator without a prior knowledge of the depths obtained by direct measure- 

ment; each sounding should be read at the instant the lead strikes the bottom. The shoal edge of the 

neon tube flash or other registration should be read. The leadline or wire soundings should be taken 

from a position as near the acoustic units as practicable and extra care must be taken to ensure their 

verticality. 

(6) Correct the echo soundings for the velocity of sound by one of the methods explained in 561, 
and for settlement and squat if the index has been previously adjusted to compensate for this. Cor- 

rect the leadline or wire soundings for errors of graduation, or calibration. The difference between 

the corrected vertical measurements and the corrected echo depths is the instrumental error or the 
amount for which compensation must be made. 
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For echo-sounding instruments, especially those with outboard acoustic units, 

used in launches and small vessels, an alternate method of determining the instrumental 

error is by means of the bar check which is described in 557 and 5571. When good 
results can be obtained by bar check, it is the more accurate method and should be 

used. 
5522. Record of Simultaneous Comparisons 

Simultaneous comparisons should be recorded in the Sounding Record at the time 
they are made. Rubber Stamp No. 35 (fig. 178) should be used for this purpose, the 
uncorrected echo soundings and vertical soundings being entered in columns under the 

appropriate headings. The computation of the instrumental correction should not be 
made in the Sounding Record. 

Simultaneous comparisons should be tabulated in vertical columns and corrected 
in standard form, according to the example below. The echo depths are corrected for 
velocity of sound and settlement and squat; and the vertical measurements for any 
errors of graduation or calibration. The instrumental corrections, obtained by sub- 
tracting the corrected echo depths from the corresponding corrected vertical depths, 

should be entered in a separate column. The mean instrumental correction for each 
set of observations is entered in the ‘‘Remarks”’ column. 

Echo depth Vertical measurement 

Instru- 
= mental Date aie \ ie Bettie, Gor ie _ | Cor-. | correc- Remarks 

served | correc-| and zerieg served | rectio yecten tion 
tion | squat P Pp 

7-16—-41_|- 25.5 | —0.3 | —0.2 25. 0 25.0 | +0. 1 25.1 )}+0.1 Fne. wh. 8. 
JARS Be) =e ae || = 24.8 24.9 |} + .1 25.0 }+ .2 
De ee eros eee 25. 0 25.6 | + .1 25.7 |+ .7R | Wire leading aft. 
PARY | a || p= 25. 0 24.8; 4+ .1 24.9;—.1 
2520) | a= — se 24.5 24,4 | 2 1 24, 5 0 

é DARAD | oa ee 23. 9 24a ee DAS D Niet eRe Mean instrumental 
F correction +0. 1. 

The simultaneous comparisons in a project area for a season should be tabulated 
chronologically and be included with the computations of velocity corrections (see 8332). 

For simultaneous comparisons, when a graphic-recording echo-sounding instru- 
ment is used, the depths by bar check, leadline, or wire, should be recorded on the fatho- 
gram as well as in the Sounding Record. A mark should be made on the fathogram 
to identify the exact position of the echo-sounding depth and the corresponding 

measured depth should be recorded closely adjacent to the mark. 

5523. Frequency of Determination 

The frequency with which the instrumental error should be determined depends 
on the operational constancy and stability of vhe echo-sounding instrument. If the 
instrument appears to be in perfect working condition and there is no reason to suspect 
that the instrumental error has changed, a determination made once each week should 

suffice. But if the instrument is operating poorly and there is reason to believe that 
the instrumental error varies considerably, it should be determined at least once each 
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day, and more frequently if necessary. Immediately after an echo-sounding instru- 
ment has been repaired, after tubes or parts have been renewed, or after the instrument 

has been changed in any way, the instrumental error should be determined and correction 
made for it. 

The frequency with which bar checks should be made is prescribed in 557. 

553. SETTLEMENT AND SQUAT 

Although an echo-sounding instrument correctly registers the depth from a vessel 
when stopped, there is no assurance that the correct depth will be registered when the 

vessel is underway. ‘This is because a point on the vessel may experience a vertical 
displacement when the vessel is underway, relative to its position at rest. Acoustic 
units in a ship’s hull are affected by such a vertical displacement, depending on their 

location. The magnitude of this displacement may be such as to warrant compensa- 
tion, especially where precise soundings in shoal water are to be obtained from a vessel 
rupning at moderate to high speeds. The factors accountable for this vertical dis- 
placement are settlement and squat. 

Settlement is the general lowering in level of a moving vessel, relative to what its 
level would be were it motionless. Settlement is due to a regional depression of the 
surface of the water in which the ship moves. It is not an increase in displacement 

and, therefore, cannot be determined by reference to the water in the WEL SLs 
vicinity of the ship. 

Squat refers to the change in trim of the vessel when underway. At speeds ordi- 
narily used in surveying, squat manifests itself in a lowering of the vessel’s stern and 
a rise of the bow. 

The major factors which influence settlement and squat are hull shape, speed, 
and depth of water under the vessel. The effect of squat on the draft of the acoustic 
units is usually not appreciable if they are mounted amidships, or a little forward of 
amidships, as they generally are. On the contrary, settlement may be quite appre- 
ciable at normal sounding speeds. In depths approximately seven times the draft, 
for a survey ship it will probably amount to about one-half foot and in extreme cases 
may be as much as 1| foot, increasing slightly as the depth lessens. 

The combined effect of settlement and squat at various sounding speeds used, 
shall be determined for each survey vessel, including auxiliaries and launches, used for 
hydrographic surveying in shoal or moderate depths. A test to determine this for each 
vessel should be made at the beginning of each season. The vessel should be carrying 
an average load and be in average trim. This value may be assumed to be a constant 
for the season’s work. Where the result of the test shows that the combined effect of 
settlement and squat is less than 0.2 foot, it may be neglected, but if it is more than this, 
an instrumental adjustment should be made to all echo-sounding instruments used in 
shoal water to compensate for it. 

Where the index has been adjusted to compensate for the amount of settlement 
and squat at normal sounding speed, it is necessary to make an arithmetical correction 
to any soundings taken from the vessel while stationary or running at slow speed. 
(See example in 5522.) 

Two methods may be employed to determine the combined effect of settlement 
and squat. In both, the tests should be made at either high or low water, when the 
tide level is varying slowly. Provision must be made to measure any tidal change 
which does occur during the tests. 
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The tests should be made at a place where the bottom is known to be smooth 

and level and in a depth of water which is approximately seven times the draft of the 

survey vessel. If the survey vessel is habitually used to survey in depths considerably 
less than this, an additional test should be made at the lesser depth. : 

First method: <A leveling instrument may be mounted on shore, preferably on the end of a pier 

off which are the required conditions as to depth and bottom, and past which the vessel can run at 

normal sounding speed. A marker buoy should be anchored with a short scope at the point where 

the test is to be made. 
With the vessel stopped at the marker buoy, a level rod is held on board the vessel vertically 

over the transmitting and receiving units, or over midway between them if one is forward of the 

other, and the level rod is read with the instrument on shore. The height of the tide should be noted. 

Then the vessel should run past the marker buoy at normal sounding speed, with the rod held over 

the same spot, and the rod should be read again with the same instrument on shore. The difference 

between the two readings, corrected for tidal changes, will be a measure of the combined effect of 

settlement and squat at the location of the acoustic units. Several such tests should be made and 

a mean of the results used. 
Second method: Select an area which satisfies the requirements as to depth and bottom and 

anchor a marker buoy with a short scope. With the vessel stopped alongside the marker buoy the 

depth of water should be measured accurately with an echo-sounding instrument. Then the vessel 
should run past the marker buoy at normal sounding speed, taking another accurate echo sounding 

when in the same position relative to the buoy. Provision must be made for a record of the tidal 

change during the test. The difference between the echo soundings underway and stopped, corrected 

for change in tide, will be the combined amount of settlement and squat. The test should be re- 

peated several times and the average value determined. 

554. ADJUSTMENT OF INDEX 

All echo-sounding instruments used by the Coast and Geodetic Survey are pro- 
vided with facilities for adjusting the index. Some instruments, such as the 312 
Fathometer and the Veslekari, have one adjustment for the time of keying and another 
adjustment for the position of the index on the dial, which two adjustments are made 

independently. Other instruments are constructed so that the position of the index 
registered on the dial is governed by the position of keying, and to these only one 

adjustment is necessary. 
With the draft, instrumental error, and settlement and squat, determined, the 

index of the echo-sounding instrument should be adjusted for the algebraic sum of 
these, by the methods described under the following headings for each type of instru- 
ment. For transceivers and separate transmitting and receiving units that are elec- 
trically coupled, the transmitted signal should register on the dial at a depth equal 
to the algebraic sum of the corrections. For other instruments such as the 312 Fath- 
ometer, the registration should be at a depth equal to the algebraic sum of the correc- 
tions plus one-half the distance of separation (see 556). A notation shall be made in 

the Sounding Record each time the index of an echo-sounding instrument is readjusted. 

5541. Dorsey Fathometer No. 1 

The index of the Dorsey Fathometer No. 1 is adjusted by means of a knurled 
knob centrally located on top of the indicator cabinet. A lock nut at the base of the 
knob must be loosened before an adjustment can be made, and after the adjustment 
the lock nut must be tightened. If it is not tightened firmly, the index may shift 
during operation. ‘The fathometer attendant should be instructed to check the index 
adjustment at frequent intervals by observing the registration of the transmitted signal 
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and to notify the officer-in-charge if there is any appreciable change, so that an appro- 
priate entry may be made in the Record. 

5542. Dorsey Fathometer No. 3 

The Dorsey Fathometer No. 3 is designed for sounding in any depth of water and 

has three separate dials for use in different depths; and two of these are provided with 

circuits such that signals are transmitted only on alternate revolutions of the index. 
This design requires five separate photoelectric tubes and exciter lamps which are 
connected with separate keying circuits in which the lag may be slightly different, mak- 
ing the instrumental error different for each circuit. These five circuits are controlled 
by the depth-selector and starting-frequency switches and each is provided with a 
separate adjustment. These adjustments are inside the indicator cabinet, and their 
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FIGURE 111.—Location of the index adjustments, Dorsey Fathometer No. 3. 

positions are shown in figure 111. The identity of these adjustments with their 
corresponding circuits is as follows: 

Knob A controls the position of the index of the 20-fathom dial. 

Knob B controls the position of the index of the 20-fathom dial when alternate signals are deleted, 

Knob C controls the position of the index of the 100-fathom dial. 

Knob D controls the position of the index of the 100-fathom dial when alternate signals are deleted 

Clamping screw EF must be loosened to adjust the index of the 1,000-fathom dial. 
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The 1,000-fathom dial has a built-in adjustment, but it is provided with insufficient 
movement, so adjustment must be made by loosening the screw / in the clamp that 
engages the collar which is pinned to the shaft and turning the entire assembly to ad- 
just the index. 

Control knobs A to D are provided with lock nuts that serve to hold the index in 
adjustment and these have to be loosened before adjustment and retightened after- 

wards. 
When making adjustments with knobs C and D, the photoelectric tubes must 

be kept within the illumination of the exciter lamps. If the proper index adjustment 
cannot be so made, proceed as follows: Turn the adjusting knob until the photoelec- 
tric tube is in the center of the illuminated area. Loosen the screw that clamps the 
shutter disk to the collar keyed to the shaft, and turn the disk until the neon tube 

flashes at the desired point on the depth scale. The adjusting knob can then be used 
for the final index adjustment. 

Caution must be observed when sounding with this instrument to ensure that the 

correct starting-frequency and depth-selector switch combinations are used. Failure 
to use the correct combination of these switches will result in erroneous soundings. 
The correct combination is determined at the time of adjustment of the instrument and 
normally should be as follows: The depth-selector switch positions 1,2,3, and 4 must 
be used only with starting-frequency switch position 4, and depth-selector switch po- 
sition 5 only with position 5 of the starting-frequency switch. 

The index adjustment of the Dorsey Fathometer No. 3 may be made by either of 
two methods. Method 1 should be used wherever practicable and particularly for 
surveys in regions of regular bottom such as are quite often found on the Atlantic and 
Gulf Coasts. Method 2 may be substituted where method 1 is impracticable, especially 
for surveys in regions of irregular bottom such as are generally found on the West Coast 

and in Alaska waters. In both methods the index of the 20-fathom scale is first ad- 
justed to register the algebraic sum of the instrumental error, draft, settlement and squat 
by means of adjusting knob A in figure 111. The depth-selector switch must be on 
position 1 and the starting-frequency switch on position 4 while making this adjustment. 

Then in method 1, the indices are adjusted until the depths registered on one scale 
agree with those registered on another as outlined below. But in method 2, the indices 
are merely adjusted to corresponding values, without reference to the depths. 

Method 1: After the index of the 20€athom scale has been adjusted, the other circuits are adjusted 

by a comparison of soundings. With the ship stopped in appropriate depths, where the bottom is 

smooth and level, the instrument may be switched from one dial setting to another by means of the 

depth-selector switch and the depths registered made to agree by use of the appropriate adjustment 

knob. Table 19 outlines this method of adjustment. 
For example, if it is desired to adjust the index of the 100-fathom scale, the depth-selector switch 

should be set on position 3 and the starting-frequency switch on position 4. Using adjusting knob C, 

in figure 111, the depth registered on the 20-fathom dial should be adjusted to agree with the depth 

registered on the same dial when the depth-selector switch is turned to position 1, with the starting- 

frequency switch still on position 4. This adjustment should be made in a depth of water between 

30 and 50 fathoms. In making this adjustment it is essential, as stated previously, that the photo- 

electric tubes remain fully in the beam of light. 
Method 2; After the index of the 20-fathom scale has been adjusted, with the starting-frequency 

switch still on position 4, the indices for positions 2, 3, and 4 of the depth-selector switch are adjusted 
by means of adjusting knobs B, C, and D, in figure 111, to agree with the index for position 1 of the 

depth-selector switch. 
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TaBLE 19.—IJndex adjustments of Dorsey Fathometer No. 8. 
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For the 1,000-fathom index adjustment, both the starting-frequency and the depth-selector 

switches must be on position 5. By means of a temporary electric connection, a small amount of 

energy from the 525-cycle oscillator should be introduced into the input of the sonic echo amplifier— 

the amplifier used by the 312 Fathometer system. Then the gain of the amplifier should be lowered 

until only the transmitted signal caused by this coupling will be registered. Then the 1,000-fathom 

scale index is adjusted to the same value to which the other indexes were adjusted. 

5543. 312 Fathometer 

The 312 Fathometer is provided with two adjustments by which the position of 
the index may be altered. One of these adjustments is on the back of the index disk 
inside the indicator cabinet. It is known as the draft adjustment. By means of it the 
position of the slit, through which the flash of the neon tube is seen, may be changed 
relative to the index disk on which it is located. The draf: should be compensated for 

by this adjustment. The slit is in a movable segment of the disk. The wing nut 
securing this segment must first be loosened so the segment can be moved by hand to the 
desired setting as indicated by an engraved scale on the back of the index disk. Then 
the wing nut should be retightened. 

The other adjustment is to vary the time of the transmitted signal with reference 
to the zero of the dial scale. By it the algebraic sum of the instrumental error and 
settlement and squat should be compensated for. This adjustment is made by varying 

the position of the dog which closes the electric contact. The dog is secured to the 
disk by two set screws, which are loosened so the dog may be moved around the disk 
to transmit the signal at the correct time with reference to the zero of the dial scale. 

The set screws should then be retightened. 
For proper operation on the 100-fathom scale the contactor that operates the oscil- 

lator should be held closed for a period of time equivalent to 1 to 3 fathoms, depending 
on the installation. The contact surface of the dog is designed to accomplish this and 
it is also provided with a beveled surface to allow for adjustment. The distance be- 
tween the contact points may be varied by loosening the nut under the brush of the 
contactor assembly and varying the adjustable stop which is a round disk having two 
flattened segments on opposite sides. 
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The angular rotation through which the contactors remain closed may be found 
by first placing the gears in neutral so the disk can be turned by hand. The disk is 
then turned slowly clockwise until the oscillator sounds and the red light flashes. The 
position of the left edge of the slit relative to the depth scale should be accurately noted 
when the red light flashes. Next, the disk is turned slowly counterclockwise until the 

oscillator sounds and the red light flashes. Again the position of the left edge of the 
slit relative to the depth scale should be accurately noted. The difference between 
these two scale readings will be a measure of the length of signal. 

There is no adjustment of the index slit for the 600-fathom scale, such as is de- 
scribed above for the 100-fathom scale. Neither is there any independent adjustment 
of the dog for the 600-fathom scale, although a longer signal, equivalent to about 40 
fathoms, is transmitted. Any adjustment of the dog for the 100-fathom scale also 
affects the transmitted signal on the 600-fathom scale. So all depths read on this scale 
must be corrected arithmetically. To determine the amount of the correction, a com- 
parison of soundings read on this scale should be made with soundings read on the 100- 
fathom scale in a manner similar to that described in 5542 for the Dorsey Fathometer 
No. 3. The comparison should be made in depths of about 200 fathoms where the 
bottom is level and smooth. Each determination should consist of at least six com- 
parisons and a number of determinations should be distributed throughout the time the 
deep scale is used. The average difference between the soundings as read on the two 
scales shall be applied arithmetically to all soundings read from the 600-fathom scale. 
The results of each such determination shall be recorded in the Sounding Record. 

5544. Hughes Veslekari 

The Veslekari sounding instrument is usually operated simultaneously with the 
Dorsey Fathometer No. 3, and it should be adjusted to agree with the Dorsey Fatho- 

meter after adjustment of the latter in accordance with 5542. During periods in which 
the Veslekari is being used, a simultaneous echo-sounding leadline comparison as 
described in 5521, shall be made at least once a week, and in addition, at least three 
daily depth comparisons shall be made between the two instruments. The vessel 
need not be stopped for the latter, but the soundings should be reliable and preferably 
in depths less than 100 fathoms and over smooth level bottom. At a “mark” at the 
selected instant the sounding on the Dorsey Fathometer should be accurately read and 
simultaneously a mark should be made on the fathogram of the Veslekari by pressing 
the fix button. The depth registered on the Dorsey Fathometer should be entered 
on the fathogram and identified as such. 

Before all comparisons the motor speed of the Veslekari should be verified in 

accordance with 5555. 
For the weekly comparison, or if the Veslekari is used on a ship which does not 

have a Dorsey Fathometer No.3, the procedure should be as follows: With the motor 
speed in adjustment (see 5555) a simultaneous echo-sounding leadline comparison 
should be made in a depth of 15 to 30 fathoms in accordance with 5521. The phasing dial 
should be set on zero position and the depth scale should be adjusted so that its zero is 
at the left edge of the reference line recorded on the edge of the fathogram. The instru- 
ment should then be adjusted so that the depth recorded on the fathogram, after cor- 
rection for the velocity of sound and settlement and squat, will equal the measured 
depth. The adjustment is made by stopping the instrument and then loosening the 
nut that holds the keying cam, thus allowing the cam to be turned manually in the 
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desired direction to make the recorded depths read the desired values. This nut 

should then be retightened and the instrument restarted, and another comparison 
made. This operation should be repeated until the fathogram depths have the desired 
relation to the measured depth. 

An instrumental comparison with the Dorsey Fathometer can be substituted for 
the leadline comparison. The phasing dial of the Veslekari should be set on zero posi- 
tion and the depth-selector and starting-frequency switches of the Dorsey Fathometer 
on positions 1 and 4 respectively. The comparison should be made from the vessel 

stopped in a calm sea over smooth level bottom in a depth between 20 and 40 fathoms. 
If the depths registered on the two instruments do not agree within 0.3 fathom the 
Veslekari should be adjusted to agree with the Dorsey Fathometer. This adjustment 
is made as described above. 

5545. 808 Fathometer 

The index of the 808 Fathometer is adjusted by means of a knurled hand screw, 
marked ‘‘zero adjustment,” on the hinged door of the cabinet. The hand screw serves 
as a vernier adjustment to move the phasing dial by small amounts, and consequently 

to change the time of the transmitted signal slightly with reference to the printed scale 
of the fathogram. When the hand screw is turned so that the phasing dial moves 
clockwise the scale value of the index is increased, and decreased when it is moved 
counterclockwise. 

This instrument should be adjusted for instrumental error, draft, and settlement and 
squat, by suspending a bar at a known depth (5 or 6 feet) below the bottom of the fish 

and turning the hand screw until the recorded sounding, when corrected for settlement 
and squat, equals the depth of the bar below the surface of the water. (See 557.) The 
adjustment must be made with the phasing dial set on position A and the instrument 
recording in feet. The gain control should be set at the value normally used during 
surveying (between 7 and 10) and the correct motor speed must be maintained, as 

indicated by the reed tachometer (5165c). After the index has once been adjusted by 
bar check, it shall not be readjusted until another bar check is taken, even though the 

recorded position of the transmitted signal may change. 
The 808 Fathometer may be operated to record depths either in feet or fathoms. 

and the times when tbe different units are to be used are specified in 3112. The change 
from feet to fathoms is accomplished by a control which alters the speed of operation 
of the instrument in the ratio of 6 to 1, but the recorded position of the transmitted 
signal is not changed by this same ratio, as it should be for correct soundings. The 
closing of the contacts, which produces the transmitted signal, occurs at the same 
angular position of revolution with respect to the fathogram, being unaffected by the 
change in speed of operation. Except for other electric or mechanical imperfections, 

the following is an example of the error introduced. If the index has been adjusted 
so that the transmitted signal records at 2 feet, and the speed of operation is changed 
to the fathom scale, the transmitted signal will still record on the second division line, 
but this will now be equivalent to 2 fathoms, thus introducing an error of 10 feet in the 
recorded soundings. 

For recorded soundings all in feet, or part in feet and part in fathoms, the instru- 
ment shall be adjusted with the instrument operating in feet, so that the recorded 
position of the transmitted signal (in feet) is correct. And no change shall be made in 

the adjustment for soundings recorded in fathoms. 
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When it is expected that soundings in both feet and fathoms will be recorded 
between bar checks the following procedure shall be followed: After the adjustment has 
been made with the instrument operating for soundings in feet, without moving the bar, 
the speed should be changed to soundings in fathoms and a record made of the trans- 
mitted signal. The difference between the latter and the former shall then be sub- 
tracted arithmetically, or graphically, from all soundings recorded in fathoms. This 
amount shall be noted on the fathogram as “Subtract-..-fms. from soundings in 
fathoms.” 

When soundings in fathoms only are to be recorded, the original adjustment may be 
made at the fathom speed, so that the recorded position of the transmitted signal is 

correct when scaled in fathoms. 
555. Motor SPEED 

The depth scales of all echo-sounding instruments are calibrated for a selected velocity 
of sound in sea water. For instruments used by the Coast and Geodetic Survey this 
calibration velocity is generally 820 fathoms per second. The speed of the electric 
motor used to operate the instrument is related to the selected calibration velocity and 
the depth scales of the instrument. For correct results this speed must remain constant 
at the correct value. Any variation in motor speed will cause a proportional error in the 
registered soundings. In order to keep such an error at a minimum it is essential that 
the speed-governing or speed-indicating device be checked periodically. 

5551. Verification of Tuning-Fork Frequency 

The indicator motor speed of the Dorsey Fathometer Nos. 1 and 3 is controlled 
by a tuning fork whose frequency is essentially constant. However, the frequency of 
the tuning fork must be verified at least once each year and if it has changed it should 
be corrected. It should be verified by one of the two following methods: 

Method 1: This method is used by vessels operating within the range of the radio station thar 

transmits calibration signals. The signals are transmitted at the exact rate of 20.5 short pulses pet 

second, the rate being accurately controlled. To verify the frequency of the tuning fork, the radio 

signals are applied to the Fathometer so as to flash the 20-fathom dial indicator neon tube, as follows: 

(a) Disconnect the output of the echo amplifier from the grid circuit of the type 885 gas discharge 

tubes that flash the indicator neon tubes, and connect the output of the radio receiver to this grid 

circuit. If the output impedance of the radio receiver is low it may be necessary to use a step-up 

transformer between the radio receivér and the grid circuit of the type 885 tubes. There must be a 

condenser (about 0.1 microfarad) in series with the lead going to the grids of the type 885 tubes, to 

prevent shorting their bias voltage to ground. In the case of the Dorsey Fathometer No. 3, the lead 

going to the indicator, numbered 25 on the terminal strip in the echo-amplifier cabinet, should be 

disconnected from the terminal and connected to the output of the radio receiver. 

(b) Run the Fathometer at least 15 minutes before calibration. For the Dorsey Fathometer No. 
3 the depth-selector switch should be on position 1 and the starting-frequency switch on position 4. 

Remove the type 59 oscillator tubes from the power supply. 
(c) The radio calibration signals will produce flashes similar to echoes on the 20-fathom dial. If 

the tuning fork is vibrating at the correct frequency (1025 cycles per second) the flashes will appear 

stationary at some one point on the dial, but if it is off frequency they will move around’ the dial, in a 

counterclockwise direction if the frequency is low and in a clockwise direction if itis high. If the flashes 

make more than one revolution around the dial in 2 minutes, the frequency of the fork should be ad- 

justed (see 5552). 

Method 2: This method should be used to verify the tuning-fork frequency of a Dorsey Fatho- 

meter No. 3, when beyond the range of the radio calibration signals. A break-circuit chronometer is 
employed in such a way that a flash is produced once each second on the dial of the Fathometer. The 

direction and speed at which these flashes move around the dial will be a measure of the tuning-fork 

frequency. 
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The procedure is as follows: 

(a) A 1-second break-circuit chronometer, such as is used in Radio Acoustic Ranging, must be 

used. Connect the contact circuit of the chronometer and a resistance-condenser combination to 

the points in the indicator as indicated in figure 112. The values of the resistance and capacitance 
of the combination are not critical. The connection marked X in the figure is made by removing 

any one of the three left-hand type 885 gas discharge tubes which are mounted on the back hinged 

panel of the indicator, inserting the end of the wire in the grid hole of the tube socket, and replacing 

the tube, thus holding the wire in place. Connection Y is made to the variable tap nearest ground 

on the bias potential divider. The voltage of this tap is about minus 50 volts. If the circuit oper- 

ation is not satisfactory, connection Y may be moved by a slight amount on the potential divider. 

BREAK CIRCUIT 

CHRONOMETER 

| L 20,000w 
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Se Da SOS Dd ere a 
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FIGURE 112.—Circuit for verification of tuning-fork frequency by chronometer. 

This divider is located in the left end of the indicator. Make certain that the potential divider is 

that of the bias supply and not that of the high-voltage supply. 

(b) Run the Fathometer 15 minutes before calibration. Set the depth-selector switch on position 

1 and the starting-frequency switch on position 4. 

(c) Count the flashes on the 20-fathom dial as a measure of time. If the flashes precess more 

than 2 fathoms in 12 seconds the tuning fork should be adjusted as described in 5552. Clockwise 

precession of the flashes indicates that the fork frequency is too high, and counterclockwise precession 

indicates that the fork frequency is too low. The flashes will appear alternately 180° apart on the 

dial, once each second. Every flash must be counted in making these measurements, not just those at 

one position on the dial. 

D002. Fi requency Adjustment of the Tuning Fork 

The frequency of the tuning fork in the Dorsey Fathometers can be increased or 
decreased by filing certain of its parts. If tests indicate that the tuning-fork frequency 
is too low, it should be increased by filing the vertical edges of the ends of the fork 
tines. The fork must be removed before filing to prevent filings from getting on the 

head receiver magnet or on the driving-coil pole pieces. A fine file should be used. 
By beveling the two vertical edges of each tine, one can judge by eye when equal 
amounts have been taken off each edge. When filing the fork the first time, only a 
small amount should be filed off before a second test, or until the effect that a given 

amount of filing on the frequency has been determined. It may be necessary to re- 
move and file, and replace and test the fork several times before it has the correct 

frequency. When replacing the fork in its mounting, paper shims should be inserted 
between the tines of the fork and the pole pieces of the pickup and driving magnets 
so as to locate the fork properly relative to these poles pieces. 
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If the frequency of the fork is too high, it should be lowered by filing with a fine 
half-round file in the crotch of the fork. The fork need not be removed for this but 
all the filings should be collected after the operation. File equal amounts from the 
crotch on each side of the centerline. Count the number of file strokes so that equal 
amounts will be removed from each side. Repeat the filing operation until the fork 

is properly tuned. 

5553. Verification and Adjustment of 312 Fathometer 

The motor speed of the 312 Fathometer is indicated by a reed tachometer (see 

5234). The tachometer shall be removed from the instrument and forwarded once 

each year to the Washington Office for calibration. During the field season the cali- 

bration of the tachometer shall be verified at least once each month by the following 
method and the result recorded in the Sounding Records. 

The transmitted signals of the 312 Fathometer will record on the chronograph 
(see 673), when the latter is operated as for Radio Acoustic Ranging. The Fathometer 

should be run for a warm-up period of about 30 minutes before making a test. If the 
calibration of the Fathometer is for a velocity of sound of 820 fathoms per second, 4.1 

signals per second should be transmitted at fast speed; and if the calibration is for a 
velocity of sound of 800 fathoms per second, exactly 4 signals per second should be trans- 
mitted. For the test the chronograph should be run at least 1 minute, the 312 Fath- 
ometer being operated at fast speed, with its speed continuously adjusted to give 
maximum vibration of the middle reed of the tachometer. 

If the tachometer is found to be in error, a reed other than the middle one may 
indicate the correct velocity. Test other reeds at maximum amplitude until one is 
found which most nearly indicates the correct velocity and operate the Fathometer 
on this basis until the tachometer can be corrected. Measure the speed of index revo- 
lution with this reed vibrating at maximum amplitude, and calculate the corresponding 
velocity of sound. Use this as the calibration velocity of the instrument in computing 
the correction factors (see 5613) for all soundings taken under these conditions. 

Where a chronograph is not available, the middle reed of the tachometer may 

be checked, with a fair degree of accuracy, by timing a certain number of revolutions 
of the slow speed dial with a stop watch. It should be noted that the tachometer is 

equally effective at the slow and fast speeds of the Fathometer. The accuracy of the 
stop watch should be verified by comparison with a chronometer of known rate. The 
Fathometer should be run for at least a half-hour before testing the frequency of the 

tachometer. The Fathometer should be operated at slow speed using the automatic 
cutout so that a signal will be transmitted every alternate revolution of the index disk. 
The gain of the amplifier should be reduced so that the echo cannot be heard. For the 
test the echo-listening device should be used to listen to the transmitted signals. The 
stop watch should be started at the beginning of some signal and, calling this zero, 204 
signals should be counted and the watch stopped at the beginning of the 205th signal, 
for an instrument calibrated for a velocity of sound of 820 fathoms per second. Through- 
out this test the middle reed of the tachometer must be kept vibrating at maximum 
amplitude. If the frequency of the middle reed is correct, the corrected stop watch 

reading should be exactly 10 minutes. 
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If the corrected stop watch time differs from 10 minutes, the frequency of the reed 
is incorrect and the 

T—600 
Correction (in percent) = P 

600 
and V; = Vina 

where J equals the actual time (in seconds) for the 205 transmitted signals, V equals 
the velocity of sound for which the instrument is calibrated, and V; equals the velocity 
of sound for which the instrument is actually operating during the test. 

For instruments calibrated for a velocity of sound of 800 fathoms per second the 
procedure is the same, except that 200 transmitted signals should be counted instead 

of 205. 
5504. Verification and Adjustment of 808 Fathometer 

The reed tachometer of the 808 Fathometer is identical with that of the 312 
Fathometer. It also shall be removed from the instrument once a year and forwarded 
to the Washington Office for calibration. And during the field season its frequency shall 
be verified at least once a month and the results recorded in the Sounding Records. 
The purpose of the monthly check is not to determine the exact frequency of the middle 

reed but to discover if a change of frequency has occurred. 
At correct motor speed, the travel speed of the fathogram under the stylus is 

exactly 2 inches per minute, so an approximate verification may be made by measur- 
ing the length of paper that moves under the stylus in a given time while the middle 
reed is vibrating at maximum amplitude. The instrument should be operated for a 
half-hour at slow speed, after which it should be changed to fast speed for the test. 
The motor speed should be adjusted and maintained during the test so that the middle 
reed vibrates continuously at maximum amplitude. A stop watch, whose rate has been 
verified, is started simultaneously with the pressing of the fix-marker button. At the 
end of exactly 4 minutes by the stop watch the fix-marker button is again pressed. If 
the frequency of the middle reed is correct, the measured distance between the two fix 

marks should be exactly 8 inches. The measurement should be made between the 
right edges of the marks at the center of the fathogram and by means of a graduated 
scale—not by the printed scale on the fathogram. A difference of 0.1 inch from 8 
inches will indicate a deviation of 1% percent from calibrated frequency. If there is 
any question as to the validity of the result, the test should be repeated several times. 
Should these tests indicate a change in the frequency of the reed, follow the instructions 
in 5553 for the 312 Fathometer until the tachometer can be readjusted. (See also 
5233 and 5238(q).) 

5599. Verification and Adjustment of Veslekari 

A check of the Veslekari motor speed should be made before each day’s operations, 
and this fact should be noted on the fathogram. The motor speed of the Veslekari : 

echo-sounding instrument is adjusted by the manufacturer for a calibration velocity of 
sound of 800 fathoms per second. A velocity of sound of 820 fathoms per second is 
more nearly average for the waters surveyed by the Coast and Geodetic Survey, and 
since most of the other instruments used are so calibrated and adjusted, the motor speed 
of the Veslekari should be altered to correspond to a calibration velocity of 820 fathoms 
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per second. Instruments of this type are now used simultaneously with, and to 
supplement, the Dorsey Fathometer No. 3. Since the motor of the latter is tuning-fork 
controlled, its speed is quite accurate and may be used as a speed standard for the 

Veslekari instrument. 
The Veslekari may be adjusted to a calibration velocity of 820 fathoms per second 

by comparison with the Dorsey No. 3. The two instruments should be warmed up for 
a half-hour, after which the gain of the echo amplifier of the Veslekari is increased until 
the transmitted signal of the Dorsey Fathometer records on the fathogram of the 
Veslekari. The Dorsey Fathometer should have the depth-selector switch on position 
3 and the starting-frequency switch on position 4. 

Because the Dorsey Fathometer is transmitting more than four signals for each 
stylus cycle of the Veslekari there will always be one and sometimes two transmitted 
signals of the Dorsey Fathometer recorded for each of these cycles. These may occur 
at any position relative to the index of the Veslekari. 

If the speeds of the two motors were synchronized for the same velocity of sound, 
the Dorsey signals would record in a vertical line on the fathogram. If the two speeds 
differ, the successive signals of the Dorsey instrument are recorded at advanced 
or retarded positions for each cycle of the Veslekari, resulting in a line of recorded 
signals that crosses the fathogram at an angle. 

For perfect instrumental speed, the governor of the Veslekari motor should be 
. adjusted so that the Dorsey signals record in a nearly vertical line, but such an adjust- 
ment is almost impossible to effect and to maintain. The governor adjustment may 
be considered satisfactory if the time from the first recorded Dorsey signal at one edge 
of the fathogram to the last recorded signal (of the same cycle) at the other edge is 

more than 3% minutes. 
Where the Veslekari is on a ship where there is no Dorsey Fathometer No. 3 with 

which to compare its motor speed, the speed may be verified by timing the revolutions 
of the phasing-switch brush. For a velocity of sound of 820 fathoms per second, the 
phasing-switch brush of the Veslekari should rotate at 0.3417 r.p.s. The instrument 

should be run for a half-hour before starting the test. The front of the recorder 
cabinet should be open while the test is made. A reference mark should be made or 
noted on the stationary part of the phasing switch, which is directly behind the phasing 
dial when the front of the cabinet is closed. As the phasing-switch brush passes the 
reference point, start a stop watch and count 41 revolutions of the brush, and stop the 
stop watch at the end of the 41st revolution. If the motor speed is correct the measured 

time should be 120 seconds. 
556. SEPARATION EFFECT 

For an echo-sounding instrument with separate transmitting and receiving units, 

the physical separation of the units must be taken into account. This separation has 
two effects on echo soundings, (a) to make the registered depth greater than the actual 

depth, and (6) to make the transmitted signal register later than it would if there were 

no separation between units, unless the units are electrically coupled. 
The first of these two effects is caused by the inclination of the sound path (AC 

and CB in fig. 113) due to the separation of the acoustic units. This introduces an 
error that increases with an increase in the distance between the acoustic units but 

decreases with an increase in the depth of water. It is appreciable only in compar- 
atively shoal water. Where the depth of water is five times the distance of separation 
between acoustic units, the true depth is 99.5 percent of the registered depth. Where 



Paae 525 ECHO SOUNDING 556 

the ratio of the depth of water to the distance between acoustic units is greater than 5 to 
1, this effect may be neglected—but where the ratio is less it must be taken into account 
by compensation or correction. Soundings may be corrected by use of the formula: 

Bad+4|(D-d'—2 

where H=echo sounding corrected for separation effect; d=mean draft of the acoustic 
units; D=depth registered on the echo-sounding instrument; and S=horizontal dis- 
tance between the centers of the acoustic units. All values must be expressed in the 
same units. 

Some echo-sounding instruments, for example the 312 Fathometer, compensate 

for this separation error by having the shoal end of the scale on which the soundings 

are registered, graduated to compensate for an assumed distance between the acoustic 
units. For the 312 Fathometer, this distance 

is 24 feet, and the instructions for installation 

specify that the units shall be installed this 
distance apart. If acoustic units separated 
by any other distance are used with the 312 
Fathometer, the registered soundings must be 
corrected for the error introduced by the 
difference between the actual distance of 
separation and 24 feet. 

This separation effect does not exist for 

instruments using a transceiver, such as the 
Dorsey Fathometers No. 1 and No.3. It may 

be neglected entirely for instruments with only 
a small separation between the acoustic units, 
such as the 808 Fathometer, and the Hughes MS 12 D. And it may be disregarded in 

. all cases where the soundings are greater than five times the distance between the 
acoustic units. 

The second effect of separation is the lag in registration of the transmitted signal. 
This is caused by the time required for the sound to travel from the transmitting 
unit to the receiving unit. The effect of this may be better understood by comparing 
an instrument using a transceiver with an instrument which has a separation between 
its transmitting and receiving units. In the transceiver the same unit is used for trans- 
mitting and receiving, and it is obvious that there can be no lag between the time of 
emission and the time of reception of the transmitted signal. By comparison, where 

there is a separation, the sound of the transmitted signal must travel through the water, 
or steel hull of the vessel, to the receiving unit, registering late by an amount approxi- 

mately equal to one-half of the distance S (fig. 113) between the units, in terms of the 

depth scale. In the 312 Fathometer, for example, if the units are installed 24 feet 
apart, disregarding any other adjustments, the transmitted signal should register on 

the depth scale 2 fathoms beyond the point where the index was when the signal was 
transmitted. 

This lag in the registration of the transmitted signal does not, of itself, introduce 
any error in the registered depths read independently. However, it must be considered 
when making index adjustments to certain instruments and also when scaling fatho- 

erams. Where there is a separation between the transmitting and the receiving unit. 
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FIGURE 113.—Separate acoustic units. 
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the index must not be used as a reference for making compensatory adjustments, with 
the instrument in operation. The method described in 5543 for adjusting the index of 
the 312 Fathometer avoids any effect of the separation error, since the readings are 
made while the index disk is turned manually and very slowly. In making index 
adjustments, the introduction of an error due to separation must be avoided in the 
Veslekari, the 312 Fathometer, and in the Dorsey Fathometer No. 3 should it be 
adjusted using the sonic system only. For the proper methods of adjusting these 
instruments, see 5544, 5543, and 5542. 

In using a graphic-recording instrument that utilizes a transceiver, or separate 
acoustic units so close together that the separation is negligible, the depth measured 
below the units is recorded on the fathogram by the difference in the recorded positions 

of the transmitted signal and received echo. ‘This is not so if there is an appreciable 
separation between the acoustic units, because the transmitted signal will be recorded 
too late by one-half the distance between the units in terms of the depth scale, and this 
fact must be taken into consideration in scaling the fathograms. 

557. Bar CHECK 

The bar check is a method whereby the accuracy of an echo-sounding instrument 
may be verified. It consists of lowering a flat bar horizontally below the acoustic 
units to serve as a reflector, thus forming a nearly perfect artificial bottom at an accur- 

ately known depth, with which the registered depth can be compared. By using the 
bar check, the index of an echo-sounding instrument operated at a constant velocity 

may be adjusted to compensate for the draft of the acoustic units and the instrumental 
error without knowledge of their amounts (5545); and under certain conditions, for a 
velocity of sound differing from the calibration velocity of the instrument (5617). At 
the time of the bar check the index should be adjusted for settlement and squat if 
appreciable and known (see 553). 

Reliable bar checks can be made only in a calm sea and are usually limited to a 
depth of about 15 fathoms. With difficulty bar checks can sometimes be made to- 
greater depths but the results are likely to be unreliable. In a moderate or choppy 
sea the maximum bar-check depth may be as little as 2 fathoms, owing principally to 
the difficulty of keeping the bar horizontal, and vertically below the acoustic units. 
The minimum bar depth at which echoes can be recorded usually depends on the echo- 
sounding apparatus. 

Because bar checks are most advantageously used in connection with shoal soundings, 
the method is principally used to verify and adjust shoal-water semiportable echo- 
sounding instruments, such as the 808 Fathometer and the Hughes MS 12 D. 

5571. Bar Check Apparatus 

The bar, used as a reflecting surface, is a rectangle supported at its ends by lines 
in such a way that it is held in a horizontal position when submerged. The bar may 
be of metal or wood, metal being preferred because it will sink of its own weight. The 
bar must be rigid enough so that it does not sag and it must be rigged so that it can be 
suspended in a horizontal position, at a known depth, and be kept vertically under the 
acoustic units. The bar should be as long and wide and heavy as can be conveniently 
handled, for then there will be less difficulty in keeping it in position below the acoustic 
units. For the 808 Fathometer the minimum size of bar which should be used is about 
3 feet long, 9 inches wide, and % inch thick if iron and % inch thick if wood. If numerous 
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holes are bored in the bar to permit the free flow of water, it can be kept in position 
more easily. At each end of the bar there should be a wire or rope yoke in the form of 
an inverted V to which the supporting lines are attached. The supporting lines should 
be wire or have wire cores, like the material used for leadlines. The lines should be 

marked and their lengths should be verified in accordance with the instructions for the 
leadline (4621 and 4622). Measurements are made from the upper surface of the bar. 

If the bar is made of wood, a type suitable for submersion, such as cypress, should 
be used. The bar should be kept well painted, for waterlogged wood is inefficient as a 
reflector. Narrow metal strips should be fastened to the underside of the bar to prevent 

warping. 
Two weights should be attached, one at each end, to the underside of the board. 

to keep the supporting lines taut. 
Under favorable conditions satisfactory reflections should be received from a bar 

9 inches wide to a depth of 15 fathoms; but under unfavorable conditions and at greater 
depths, more distinct echoes will be received from a wider bar. 

Air is an almost perfect reflector of sound in water. If any difficulty is experienced 
in receiving echoes from a bar in calm waters, construct a bar which incorporates a thin 

layer of air near its upper surface. A cellular rubber sheeting will serve for this purpose. 

5572. Frequency of Bar Checks 

For echo sounding with an 808 Fathometer, or similar instrument, used in a launch, 
bar checks shall be made under the following conditions, and at the following frequencies: 

(a) In protected waters where there is every reason to believe the results of the bar checks are 

dependable, and the range of depths sounded can be covered by the bar-check range, the index shall 

be adjusted by bar check, and bar checks shall be made on the descent and ascent of the bar at each 

10 feet throughout the range of depths sounded—three times daily, at the beginning and end of the 

day’s work and once near the middle of the day. 
(6) Where most of the depths sounded are beyond the range of the bar check, other conditions. 

being as in (a), the index shall be adjusted by bar check, and one check shall be made at the deepest 

depth at which a dependable result can be obtained, and one check shall be made at a depth in the 

overlap between phases—three times a day as in (a). 

(c) In exposed waters, where dependable results cannot be obtained, the index shall be adjusted 

by bar check (preferably in a protected place)—at least twice, and preferably three times daily—but 

no other bar checks shall be made. 
(d) In adjusting the index (see 5545), before the start of the day’s hydrography the index shall 

be adjusted to make the bar depth record correctly, but after any sounding the bar depth reading must 

be recorded on the fathogram before the index is adjusted as well as after it has been adjusted. 
(e) Where the results of bar checks are to be used for correcting or compensating for the velocity 

of sound (see 5617), not less than three complete bar checks per day shall be made, the bar check must 

cover at least 75 percent of the range of depths sounded, and the bar checks must be most accurate 

and dependable (See also 5616a and 5617.) 

56. CORRECTIONS TO ECHO SOUNDINGS 

In addition to the corrections that are so nearly constant that they can be made by 
some instrumental adjustment, there are other corrections that vary with time, place, 

and depth to such an extent that instrumental compensation is usually not attempted. 
These latter are the correction for tide, the correction for a velocity of sound differing 
from the calibration velocity of the instrument, and the correction for slope. 

The correction for tide is usually applied algebraically—it is always so made in 
the Coast and Geodetic Survey to soundings recorded in the Sounding Record, regard- 

sles of the method of obtaining the soundings, and in accordance with 822. In river 
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and harbor surveys, where the plane of reference is known in advance and communica- 
tion can be maintained between the tide station and the survey party, the necessary 
corrections are sometimes applied as the soundings are taken, and there are echo- 
sounding instruments with an adjustment by which the correction for tide can be applied 
instrumentally (see 529). Also, in the case of soundings recorded graphically, it is 
possible to apply the correction for tide mechanical'y or graphically at the time the 
depths are scaled (see 562). 

The correction for the variation in the velocity of sound is, perhaps, the most 

important correction to be made to echo soundings. In the Coast and Geodetic Survey 
all echo-sounding instruments are operated at an instrument speed selected to register 
soundings based on a chosen velocity of sound, known as the calibration velocity. 
Whenever the actual mean velocity of sound from surface to bottom differs from this 
calibration velocity, a correction must be applied. This correction is usually made 
by algebraic addition to soundings recorded in the Sounding Record, although it can 
be made by instrumental adjustment (see 5616), assuming an advance knowledge of 
the velocity of sound, or it can be made mechanically or graphically to soundings 
scaled from fathograms (see 562). The methods of deriving and applying corrections 
for the velocity of sound are described in 561. 

Echo soundings registered on some echo-sounding instruments do not represent 
vertical depths in areas of irregular submarine relief and, theoretically, so-called cor- 
rections for slope should be made. It is not practical to do this with any great preci- 
sion in most cases, and there are other reasons why it should not be done. (See 563.) 

561. VeLoctry CORRECTIONS 

In echo sounding the sound wave passes vertically downward through a column of 
water in which the velocity of sound differs at different depths, and since the true depth 
is a product of velocity and time, the average velocity from surface to bottom must be 
known for each sounding. The velocity of sound in sea water depends on the tempera- 
ture, salinity, and pressure (see section 63), and the velocity of sound used in echo 

sounding is usually calculated from these physical characteristics. 
The hydrostatic pressure increases in direct proportion to depth, and the tempera- 

ture and salinity of the water usually decrease with depth, but not necessarily propor- 
tionally. The result is that the velocity of sound, by which an echo sounding must 
be computed, is seldom uniform from surface to bottom. Hence, the average velocity 
of sound from surface to. bottom will be different for echo soundings of different depths. 
Furthermore, due to regional and seasonal changes in the physical conditions, the aver- 
age velocity from surface to bottom for the same depth changes from place to place and 

from time to time. 
Because of the theoretically linear relationship which exists between the travel 

time required for an acoustic wave to travel between two points, and the distance 

between them, echo-sounding instruments may be calibrated in units of depth. Those 
used by the Coast and Geodetic Survey are driven by motors operated at a constant 

speed for a pre-selected velocity of sound, usually 820 fathoms per second (see 555). 
This is known as the calibration velocity. . Therefore, whenever the average velocity of 
sound from surface to bottom differs from the calibration velocity of the echo-sounding 
instrument, the registered depths must be corrected to what they would have been on 
an instrument calibrated for this actual velocity. This correction is known as the 

velocity correction. 
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To correct any sounding it is necessary to know the average velocity of sound from 

surface to bottom and the calibration velocity of the echo-sounding instrument. From 
these a factor may be derived by which to multiply a registered depth to find the cor- 
rection to be added to or subtracted from it. This factor is found from the formula: 

Actual mean velocity—calibration velocity 
ae Waa Go AT GT a a oe CON 

calibration velocity 

Theoretically, for each sounding the velocity of sound should be known at every 
depth from surface to bottom in order to have a correct mean velocity. Practically, 

of course, it is necessary to use average velocities based on average conditions of tem- 
perature and salinity for certain periods of time and for certain areas. The extent of 
the area and the time through which average conditions may be assumed depend on 
the stability of the physical conditions during the period of the survey. 

There are several methods by which a correction for velocity may be made. The 
universal one, which is applicable in any case, is the algebraic method outlined in 5611, 
by which velocity corrections for soundings of various depths are derived algebraically, 
and are applied to the recorded soundings algebraically. Other methods of more limited 
application, which may be used in special circumstances, are described in 5616, 5617, 
and 562. 

5611. Velocity Correction by Algebraic Method 

Since the temperature and salinity of the water vary irregularly with depth, and 
since it is necessary to determine a correction for velocity for the entire depth, the 
conditions at various depths must be considered and at some point in the computations 

averages must be derived applicable to the entire depth, or the corrections may be 
found by summation. The temperatures and salinities from surface to bottom may 
be averaged to find average conditions for the entire column of water, from which one 
velocity may be derived; or velocities from surface to bottom may be averaged to 
find an average velocity for the entire depth; or the column of water from surface to 
bottom may be considered layer by layer and a correction for each depth layer de- 
termined, the summation of which will give the correction applicable to a given depth. 

The last has been adopted by the Coast and Geodetic Survey as the most practicable 
means of deriving the corrections. It can be accomplished either numerically or 
eraphically, the two methods being described in 5613 and 5615 respectively. 

The various steps to be performed to determine velocity corrections by the alge- 
braic method are as follows: 

(1) After all of the serial temperatures and scattered temperature and salinity observations have 

been plotted on Form B-1528-5, in accordance with 6342, a study must be made of the results to 

determine how these can be grouped best by area and by time to permit mean curves to be drawn. 

These mean regional temperature and salinity curves are made in accordance with 5612, each being 

plotted on Form B-1528-5. 

(2) After the mean regional temperature and salinity curves are available, a study of these must 

be made to select the depth layers for which the physical conditions must be considered. Layers 

must be selected of such thicknesses that the conditions at the midpoint may be considered applicable 

to the entire layer. Usually it will be found necessary to adopt layers of less thickness near the 

surface, but as the depth increases and the physical conditions change less relatively with depth, 

thicker layers may be adopted. 

(3) The temperatures and salinities scaled from the mean regional curves for the midpoints of the 

adopted layers are then used to derive, numerically or graphically, the velocity correction for each 

465382—44—__35 
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ayer and these are summed numerically or graphically to find the corrections for various depths, in 

accordance with 5613 or 5615. 

(4) The velocity corrections for the various depths are then plotted and a graph is drawn through 

them, from which the correction for any echo sounding may be scaled, as described in 5614. 

5612. Mean Regional Temperature and Salinity Curves 

It is desirable to correct registered soundings for the error due to velocity with as 
great an accuracy as practicable, but it is not considered practicable to utilize each 
serial temperature and each separate temperature and salinity observation indi- 

vidually for this purpose. For practical reasons it is necessary to derive curves repre- 

senting the average conditions throughout a given area and through a given time 
period which will be close enough to reality so that no appreciable errors will be 
introduced from the use of the averages. At all events the over-all requirements of 
accuracy of depth measurements, as prescribed in 3111, must be met, and the velocity 
corrections should be determined with an accuracy so that no sounding will be in error 
from this correction alone by more than one-half percent. (See 6313.) 

To fulfill these requirements a sufficient number of temperature and _ salinity 

measurements must be made in the project area. The frequency with which the 
observations should be made is considered in 6322 and 6332. Previously acquired 
knowledge of the temperature and salinity conditions in nearby areas can sometimes 
be used as a guide as to the probable number of observations required. Lacking any 
previous knowledge of conditions in the area to be surveyed, the observations should 
be made with a greater frequency at the beginning of the project, and these will disclose 
the necessary frequency and distribution of observations needed for the remainder of 
the project. 

After all of the serial temperatures and separate temperature and salinity observa- 
tions for the season have been plotted on Form B-1528-5, a‘study must be made of the 
results to see how these may be grouped by areas and by time periods, for the purpose of 

preparing mean curves. The area and the time period for which a mean curve may be 
adopted will vary from an entire season’s work to the area surveyed in one trip on the 

working ground. Past experience has shown that all of the serial temperatures of an 
entire season’s hydrography on the Pacific Coast, in Alaska, or in the Hawaiian Islands 
may often be combined for the average curves for an entire season. It is a matter that 
must be left to the hydrographer’s judgment, but it must be borne in mind that, to com- 

ply with the requirements, the average temperature from surface to bottom used to 

correct any sounding must be within 2° of the actual mean temperature (see 6313). 

A study of the serial temperatures may disclose that all of them can be combined 
into one mean curve, except those taken in one locality or during one period of time. 

When this is so, these latter serial temperatures should be segregated from the rest 
and used for the derivation of supplemental mean curves for that particular locality 
or time period. 
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Mean salinity curves are also required. As compared to temperature, however, 

the variation normally encountered in salinity has comparatively slight effect on 
velocity and, except in extreme cases, one mean salinity curve can be used throughout 
the entire season, even when a number of mean temperature curves are required. 

After the areas and time periods have been decided on, mean representative curves 

are drawn. This may be done graphically or mathematically. In the former method, 
the curves to be averaged are plotted on Form B-1528-5 and by inspection the mean 

curve is drawn. This method will be found preferable in most cases, and it has the 
advantage of disclosing immediately any individual curve that varies excessively from 
the average, and which should be rejected or at least not be included in this group. 
Various colors should be used to differentiate between the different curves, black being 

used for the mean curves. 
In the mathematical method, selected representative depths are chosen and 

the temperatures and salinities at these depths scaled from the separate serial tempera- 
ture curves (see 5611 (1)). The arithmetic mean at each depth is then found and plotted 

on Form B-1528-5, and a smooth curve is drawn through the points; or the arithmetic 

means, if the depths have been chosen with this in mind, may be entered directly in 
columns B and C in the form on which the velocity correction computations are made 

(see table 20). This mathematical averaging of the temperatures and salinities elim- 
inates the necessity for replotting all the serial temperature curves and the difficulty 

that may be experienced when a number of curves plot very close to one another. 
For depths greater than 120 fathoms, each temperature curve shall be plotted in 

two parts, the shoaler part at the scale provided on Form B-1528-5, and the deeper 
part at a scale one-tenth of that used for the shoal section. These should be drawn 
and the separate parts identified in accordance with instructions in 6342. 

5613. Numerical Determination of Velocity Corrections 

Velocity corrections may be derived numerically or graphically, steps (1) and (2) 

below being the same in either case. For the purpose of illustration an example of 
velocity correction computations by the numerical method is given in table 20, with 
columns identified by the letters (A) to (J) for reference purposes only. This is the 

standard form which shall be used for all corrections derived by the numerical method. 
The graphic method of deriving velocity corrections is described in 5615. 

It must not be assumed that all depth layers, for the purpose of determining 
velocity corrections, need to be chosen as shown in this example, but from past expe- 
rience 5-fathom layers in the upper hundred fathoms, 20-fathom layers in the second 
hundred fathoms, and 200-fathom layers in greater depths have usually been found 
satisfactory. Where the change in temperature is regular with respect to depth and 
not too great, thicker layers may give sufficient accuracy. On the contrary, for precise 

results in shoal water 5-foot intervals may even be required at times. 
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TaBLE 20.—Example of velocity correction computations 

[Computed for echo soundings taken with an instrument calibrated for a velocity of sound of 820 fathoms per second.] 

Ah a) (C) (D) (E) (F) (G) (H) (I) 

Mid-depth| Tem- Correc- Depth | Appli- 
of each pera- Salinity ee: yyean tion eee ied on | correc- cable 
layer | ture Ve Vee factor iti tion depth 

Meters Meters 
per per 

Fathoms Op %p second second Fathoms | Fathoms | Fathoms 
4.5 19. 6 33. 6 iL, BUGS Al +0. 0110 | +0.0550 | +0. 06 
9.5 19. 2 33. 7 il, tolisy, 4 +0.0105 | +0. 0525 | +0. 11 12 

14. 5 18. 5 33. 8 Ih, BS}, +0. 0094 | +0. 0470 | +0. 15 17 
19. 5 15: 9 33. 9 1, 506. 0 +0. 0043 | +0.0215 | +0. 18 22 
24. 5 10. 7 34. 0 1, 488. 8 —0. 0072 | —0. 03860 | +0. 14 27 
29. 5 Uo 0 34. 1 1, 477. 9 —0.0145 | —0.0725 | +0. 07 32 
34. 5 8. 4 34. 3 1, 481. 0 —0. 0124 | —0. 0620 | +0. 01 37 
39. 5 9.3 34. 4 1, 484. 7 —0. 0099 | —0. 0495 | —0. 04 42 
44.5 10. 4 34. 6 1, 488. 9 —0. 0071 | —0. 0355 | —0. 08 47 
49. 5 TS & 34. 7 1, 493. 4 —0. 0041 | —0. 0205 | —0. 10 52 
54. 5 125 34. 9 1, 495. 9 —0. 0025 |} —0. 0125 | —O. 11 57 
59. 5 12. 4 35. 0 1, 497. 1 —0. 0017 | —0. 0085 | —O. 12 62 
64. 5 12.5 35. 2 1, 497.8 —0. 0012 | —0. 0060 | —0. 13 67 
69. 5 12.5 35. 4 1, 498. 2 —0. 0009 |} —0. 0045 | —0. 13 72 
74. 5 12. 4 35. 6 1, 498. 3 —0. 0009 | —0. 0045 | —O. 14 77 
79. 5 12.3 35. 7 1, 498. 3 —0. 0009 | —0. 0045 | —O. 14 82 
84.5 1251 35. 8 1, 498. 0 —0. 0011 | —0. 0055 | —0. 15 87 
89. 5 11.9 35. 9 1, 497. 6 —0. 0013 | —0. 0065 | —0. 15 92 
94. 5 Wik -C 36. 0 1, 497. 1 —0. 0017 | —0. 0085 | —O. 16 97 
98. 5 11. 4 36. 1 1, 496. 3 —0. 0022 | —0. 0066 | —0. 17 100 

110 nile Al 36. 1 1, 495. 6 —0. 0027 | —0. 0540 | —0O. 22 120 
130 9.5 36. 2 1, 490. 5 —0. 0061 | —0. 1220 | —O. 34 140 
150 |. °8.-5 36. 2 1, 487. 4 —0. 0081 | —O0. 1620 | —O. 51 160 
170 WU Rares) 36. 1 1, 485. 2 —0. 0096 | —0. 1920 | —0. 70 180 
190 6. 7 36. 0 1, 481.8 —0. 0119 | —O0. 2380 | —0. 94 200 
300 5. 4 34. 5 1, 478. 3 —0. 0142 | —2. 8400 | —3. 78 400 
500 4,2 35. 2 1, 480. 9 —0. 0125 | —2. 5000 | —6. 28 600 
700 3.9 35. 1 1, 486. 0 —0. 0091 | —1. 8200 | —8. 10 800 
900 Ssicl Syoy 1, 491. 8 —0. 0052 | —1. 0400 | —9. 14 1, 000 

1, 100 3. 5 35. 0 1, 497. 4 —0. 0015 | —0. 3000 | —9. 44 1, 200 
1, 300 3. 3 35. 0 1, 503; 2 +0. 0024 | +0. 4800 | —8. 96 1, 400 

The procedure, referring to table 20, is as follows: 

(1) The transmitted sound originates at, and the echo returns to, an acoustic unit which is some 

distance below the surface of the water. For survey ships, for velocity correction purposes, this may 

be assumed to be 2 fathoms. (For auxiliary vessels and launches the acoustic units are at other depths, 

which should be used.) Starting then at 2 fathoms below the surface, divide the first hundred fath- 

oms of depth into 5-fathom layers and enter in column (A) the mid-depth of each 5-fathom layer. For 

example, the first entry would be 4.5 fathoms, or the mid-depth between 2 and 7 fathoms, and similarly 

the entries for the following 5-fathom layers are 9.5, 14.5 fathoms, ete. Starting with 100 fathoms, 

enter the mid-depth for each 20-fathom layer for depths from 100 to 200 fathoms, disregarding now the 

depth of the acoustic unit below the surface, as for example, 110, 130 fathoms, etc. For depths deeper 

than 200 fathoms enter the mid-depth for each 200-fathom layer, as for example, 300, 500 fathoms, ete. 

An adjustment is required at the deepest 5-fathom layer, below which the depth of the acoustic 

unit is ignored. Note that the 5-fathom layer whose mid-depth is 94.5 fathoms extends from 92 to 

97 fathoms. This leaves a layer of only 3 fathoms whose mid-depth is 98.5. This adjustment must 

be carried over into column (G@). (See (6) below.) 
(2) Obtain the temperature and salinity values from the mean regional curves for the mid-depth 

of each layer in column (A) and enter them in columns (B) and (C) respectively. 
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(3) Derive the velocity for each temperature and salinity and depth, and enter the velocities 

in column (D). The velocities may be found from the tables in 9611, or from the diagrams in 9612. 

The method of deriving the velocities from the tables is described in 6343. It is to be noted that 

each velocity of sound entered in column (D) is strictly applicable to the one depth entered in column 

(A) on the same horizontal line, but for the purpose of deriving velocity corrections it is considered 

to apply throughout the layer of which the value in column (A) is the mid-depth. 

(4) Column (£) is ordinarily not needed for echo sounding. If mean velocities from surface to 

bottom are needed in R.A.R., the values in column (D) should be progressively meaned and entered 

in column (EF), each entry being the mean of all the velocities down to and including that depth. In 

computing these means one should be careful of the transition from layers of one thickness to layers 
of another thickness. 

(5) Derive the factors (see 561) corresponding to each layer velocity and enter them in column 

(F). Table 35 in 9613 gives these correction factors for velocities of sound to the nearest meter 

and for instruments operating at three calibration velocities. Most instruments used by the Coast 

and Geodetic Survey are operated for a velocity of 820 fathoms per second and the correction factors 

can be taken from the table by interpolation. For the rare case of an instrument operated for any 

other velocity of sound the correction factors may be derived from the formula in 561. 

(6) Multiply each correction factor in column (F) by the layer thickness in fathoms, to derive the 

correction applicable to this depth interval. Enter these products in column (@). Each of these 

entries is the correction in fathoms for that layer, whose mid-depth is in column (A). Be sure to allow 

properly for the layer whose mid-depth is 98.5 fathoms—this layer, in the example, is only 3 fathoms 

thick, and the proper entry in column (G) is the factor multiplied by three—not by five, as for pre- 

ceding values. 

(7) Add the values in column (G) algebraically, entering the progressive sums with their correct 

signs in column (H); thus each entry in column (H) is the sum of all the values in column (G) on a line 

with and above it. 

(8) For convenience enter in column (J) the depth of the bottom of each layer. This is the depth 

for which the entry on the same horizontal line in column (//) is the correction; any entry in column 

(H) is the total correction to be applied to a sounding whose depth is equal to the corresponding entry 

in column (J). 

(9) The values in column (H) are then plotted with reference to the depths in (J) to which they 

apply and a smooth curve is drawn through them, from which curve the correction to apply to any 

sounding may be scaled (see 5614). 

5614. Velocity Correction Curves 

After the values in columns (H) and (J) in table 20 have been derived and 
entered, they shall be utilized to plot a graph of the velocity corrections. A commercial 
eraph paper with overprint (Form J-100-5) shall be used for this purpose. This paper 
has 20 divisions to the inch. The overprint provides a vertical depth scale in fathoms 

for depths to 200 fathoms. When used for such depths the horizontal scale shall be 1 
inch equals 0.4 fathom. For deep-water correction curves, both scales shall be multi- 
plied by 10, adding a zero to the printed vertical scale, and making the horizontal scale 
1 inch equals 4 fathoms. Where a deep-water correction curve is included on the same 
sheet with a shoal-water correction curve, the deep-water curve shall be properly 

identified. The form, with velocity correction curves drawn and a tabulation of the 
corrections is reproduced at reduced scale in figure 114. 

Where velocity corrections in feet are required, the units on Form J-100-5 should 
be changed to feet and the scales used as ‘‘for depths to 200 fathoms.” 

After the values in column (77) have been plotted, smooth curves should be drawn 

through them and a tabulation of velocity corrections should be made for use in making 

entries in the Sounding Records (see 8223). The tabulation should provide a depth 
range through which each correction is applicable. The units of the corrections depend 
on the depths and character of the area (see 821 and table29). Forexample, if corrections 
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are required in units of tenths of fathoms, the change points should be taken at 0.05 
fathom points, and these change points should be marked on the curve; thus, for 
example, if the correction +0.5 fathom is found to be on the correction curve at a 

depth of 75 fathoms, the correction +0.6 fathom at a depth of 85 fathoms, and the 
(Let 1 inch equal 4 fathoms for deep water and 1 inch equal 0.4 fathom for shoal.) 
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FIGURE 114.—Curve of velocity corrections to echo soundings. 

correction -+-0.7 fathom at a depth of 95 fathoms, the tabulation should show that the 
correction +0.6 fathom is applicable for all depths from 80 to 90 fathoms. 

These velocity correction curves should be included in the velocity of sound report 
(see 8332), but a tabulation of the velocity of sound corrections shall be included in the 
Descriptive Report for each hydrographic survey (see 8434). 
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5615. Graphic Determination of Velocity Corrections 

In the graphic method of determining velocity corrections, use is made of specially 

prepared graphs called “Velocity correction graphs.’’ By their use the velocity cor- 
rection curves (5614) can be plotted directly from temperatures and salinities derived 
for columns (B) and (C) of table 20, without recourse to any tables or arithmetic 

computations. After facility in their use has been acquired, the method is very much 
faster than that described in 5613. It is even possible to use temperatures and salinities 
directly from the mean regional curves (5612), to find the corrections for plotting the 
velocity correction curves on Form J-100-5. 

There are three velocity correction graphs, numbered A-1229-1, A-1228-1, and 

A-1230-1, for instruments calibrated for a velocity of sound of 800, 810, and 820 
fathoms per second, respectively. Copies of these graphs are obtainable from the 

Washington Office. The velocity correction graph A-1230-1 is reproduced at a re- 
duced scale in figure 115. 

The graph utilizes temperatures in degrees centigrade as an ordinate, and a system of curves to 

represent salinities, with three abscissa scales giving the velocity corrections to be applied for depth 

layers of three thicknesses. The principle of utilization of depth layers is exactly the same as in the 

numerical method described in 5613, except that in the graphic method no corrections for pressure are 

applied for depths less than 200 fathoms. Values taken from the graphs will, therefore, differ slightly 

from corresponding values taken from the tables, but the differences will not be enough to affect the 

ultimate accuracy of the corrections. 

A. SCALES OF THE GRAPHS 

The velocity correction graphs are designed for use directly with Form J-100-5 on which the 

velocity correction curves are drawn. They are constructed so that horizontal scales for the 20- 

fathom and 200-fathom layers correspond to the scales used on the above form (see 5614). Where 

5-fathom layer-intervals are used, the values taken graphically from the velocity correction graph 

must be divided by four to reduce them to the 20-fathom layer scale for use on Form J-100-5. This 

ean be done by using proportional dividers instead of regular dividers when scaling the intercepts. 

B. METHOD OF USE 

Each velocity correction graph contains a vertical index line at which the correction is zero. It 

should be noted that the position of this index line and of the abscissa scales differs, with reference to the 

system of salinity curves, for the different standard velocities. In using the graphs one must be 

certain to use the graph corresponding to the calibration velocity of his echo-sounding instrument. 

In the rare case of an instrument operated for a velocity of sound other than one of the three standard 

velocities, the difference may be accounted for by using the graph for a standard velocity nearest that 

at which the instrument is operated, and moving the index line and the vertical grid lines in the following 

manner: 

For each fathum variation in velocity from the standard, move the index line 0.00602 

fathom (on the 5-fathom layer scale)—to the right if the instrumental velocity is less than the 

standard, and to the left if it is greater than the standard. Any error due to this procedure is 

considerably less than one-tenth percent. 

Before using the velocity correction graph, the approximate range of the corrections should be 

determined so that the zero of the correction curve may be properly placed on Form J-100-5. This is 

particularly necessary for the deeper depths where the curve is frequently a reverse one. It may be 

necessary, therefore, to determine graphically the positions of a few points on the velocity correction 

curve as a preliminary step. 

a. For depths of 200 fathoms or less——Using the mid-depth of each layer and corresponding 

temperature and salinity values, as in columns (A), (B), and (C) in table 20 of 5613, enter the velocity 

correction graph with the temperature as an ordinate and find where it intersects the salinity curve for 

the corresponding salinity. On the edge of a strip of paper laid horizontally, mark off the intercept 
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PRESSURE CORRECTIONS IN FATHOMS 
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TEMPERATURE AND SALINITY CORRECTIONS IN FATHOMS 

FIGURE 115.—Velocity correction graph. (Reproduced at reduced scale. Do not use this figure for deriving velocity corrections by 

the graphic method.) 

from this intersection to the index line of the graph, and transfer this distance to Form J-100-5 in the 

proper direction at the depth of the bottom of the first layer (i. e., Just as in the numerical method, 

in which the layer correction must be plotted at the depth shown in column (/)). This gives one point 

on the desired velocity correction curve. As explained under “Scales of the Graphs,” where 5-fathom 

layer-intervals are used, the intercept must be divided by four prior to plotting on Form J-100-5. 
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Proceed in like manner for the second layer, except that the intercept is added graphically to the 

distance already laid off on the strip of paper for the first layer, always being careful to observe the 

sign of the correction. Transfer the resultant total distance to Form J-100-5 at the appropriate 

depth for the second layer. 
Follow the above procedure for other layers until the entire depth range has been covered. 

Instead of a strip of paper a pair of dividers can be used, successive intercepts being added or sub- 

tracted mechanically by increasing or decreasing the span of the dividers. 

It is to be noted, as mentioned above, that no correction for pressure is included for depths less 

than 200 fathoms. 

b. For depths greater than 200 fathoms.—The use of the velocity correction graphs for depths 

greater than 200 fathoms is exactly the same as described above, except for an additional correction 

for pressure. Near the right-hand edge of the velocity correction graph is a diagonal line labeled 

“Pressure Correction Curve for 200-Fathom Layers.’’ This curve is based on corrections computed 
for 200-fathom layers at the standard velocity of the graph, each correction being based on the mean 

depth of the layer; thus, the pressure correction of 4.8 fathoms (fig. 115) read on the curve opposite 

1,200 fathoms is the correction for the 200-fathom layer between 1,000 and 1,200 fathoms, computed 

for a mean depth of 1,100 fathoms. 

For depths greater than 2,000 fathoms, a pressure curve can be readily constructed by transferring 

the intercept for 2,000 fathoms (at the bottom of the graph) to the top of the graph and drawing a 

line parallel to the printed pressure curve. 

For the first point on the deep-water correction curve at 200 fathoms, scale the correction for 200 

fathoms from the shoal-water correction curve already prepared and divide it by 10 to adapt it to the 

deep-water scale. Lay this distance off on the edge of a strip of paper, taking care to mark the correct 

end zero and the value of the correction with the correct sign (plus to the left and minus to the right). 

To this value apply graphically the correction at 200 fathoms from the pressure correction curve (it 

will be noted that all corrections for pressure are plus and should be applied to the left), transferring 

the resultant to Form J-100-5 at 200 fathoms (deep-water scale). 

Enter the velocity correction graph with the temperature and salinity for the mid-depth (300 

fathoms) of the next layer, and apply in the proper direction the resulting intercept graphically to 

the previous distance on the paper strip. Then set the paper strip on the pressure curve at 400 

fathoms and from the last mark on the strip apply the pressure intercept graphically. The resultant 

distance from the zero on the strip will be the distance to be laid off at 400 fathoms on Form J-100-5. 

Proceed in like manner for other layers to the deepest depth required. 

The construction of a deep-water curve is simplified where it is possible to transfer the pressure 

correction curve from the velocity correction graph to Form J-100-5. In such casés the corrections 

for temperature and salinity are laid off from the pressure curve as an initial, instead of from the zero 

of the velocity correction curve. As each point on the curve is plotted, its distance from the zero line 

of the curve must be marked on the strip of paper before the next intercept for temperature and salinity 

is added graphically to it, the total distance being laid off from the transferred pressure curve as an 

initial. An analysis of this graphic method of summation will make it clear why this must be done. 

Each horizontal distance plotted on the velocity correction curve in this manner must consist of the 

summation of all the corrections for temperature and salinity, and all the pressure corrections except 

the final one, the latter being accounted for by the transferred pressure correction curve. This possi- 

bility of utilizing the pressure correction curve should be kept in mind when fixing the zero of the 

velocity correction curve on Form J-100-5. 

c. For shoal-water depths.—Where corrections in feet are desired, it is necessary to change all units 

from fathoms to feet on both the velocity correction graph and on Form J-100-5. The corrections for 

5-fathom layers printed at the bottom of the correction graph will then be in feet, and for 5-foot layers. 

Likewise, the horizontal scale of Form J-100-5 will be 1 inch equals 0.4 foot, but the horizontal 

scale of the velocity correction graph will be 1 inch equals 0.1 foot. Therefore, each distance scaled 

from the velocity correction graph must be divided by four before being plotted on Form J—100—5. 

This may be done conveniently by using proportional dividers to scale the intercepts. 

When determining velocity corrections in feet, it will also be found convenient to prepare the 

temperature and salinity curves in feet instead of fathoms. 

After the velocity correction curves have been determined, the procedure is the 
same as for the numerical method (see 5614). 

465382 —44——36 
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5616. Instrumental Adjustment to Account for Velocity 

All echo-sounding instruments used by the Coast and Geodetic Survey are operated 

at a constant motor speed for a selected velocity of sound known as the calibration veloc- 
ity, and subsequent corrections are made for any difference between the actual and the 
calibration velocity. It is possible to allow for the velocity instrumentally if the aver- 
age value of the velocity of sound is known in advance: Assuming that the index is 
properly set to account for the draft of the acoustic units (see 554), it is possible to regu- 
late the speed of the registering device, or to change the position of the index on the 
scale, so that the registered depths need no further correction for velocity. The latter 
method may be used in limited degree on some of the echo-sounding instruments used 
by this Bureau (see a below). Instruments have been designed and used which are 
provided with a simple means of altering the speed of rotation of the driving motor to 
make the registered depths correct for the assumed velocity conditions (see 529). 

Adjustments of this nature are of restricted application. A rather detailed knowl- 
edge of the average velocities of sound in the project area must be available before 

actual sounding. Furthermore, since the velocity of sound usually varies with depth, 
the use of such an adjustment is only applicable throughout a limited range, and_pre- 
supposes a knowledge of the depths to be measured. 

a. Compensation by index setting—For shoal-water sounding, where the range of 
depths sounded is limited and reliable results are obtained by bar check (see 557), it is 
possible to adjust the index to compensate for the error of soundings at a mean ‘depth 
of the range. This method of compensation may be used where no residual error 
greater than 0.25 foot in depths less than 10 fathoms or greater than one-half percent in 
depths greater than 10 fathoms is left at either limit of the range of depths. For 
example, if the range of depths sounded is from 10 to 60 feet, and the bar check discloses 
an error of 0.5 foot at 10 feet and 1.0-foot error at 60 feet and other errors are propor- 

tional or nearly so, the index can be adjusted to compensate for the error of 0.75 foot 

at 35 feet, leaving residual errors of 0.25 foot of opposite signs at the limiting depths 
of 10 and 60 feet. Or, if the range of depths sounded is from 10 to 20 fathoms, and the 
bar check discloses errors of 0.1 and 0.25 fathom at 10 and 20 fathoms respectively, and 
other errors are proportional or nearly so, the index can be adjusted to compensate for 
an error of 0.15 fathom at 13% fathoms, leaving residual errors of 0.05 and 0.1 fathom 
of opposite signs at the limiting depths of 10 and 20 fathoms respectively, the error in 

each case being one-half percent of the depth. 

5617. Velocity Corrections by Bar Check 

For sounding in shoal water, the bar check (see 557) can be used to derive cor- 
rections applicable to the various depths. With the index of the instrument properly 
adjusted (see 5545), the results of accurate bar checks may be used to plot correction curves 
for use in correcting the registered depths. Only bar checks taken under the most favor- 
able conditions are considered sufficiently accurate for this purpose: When used for 
this purpose, the mean differences between the bar depths and the registered depths at 

each depth shall be used as a correction to apply to all soundings of that depth. These 
differences resulting from the bar check should be plotted as a correction curve. The 
hydrographer must use his judgment as to whether the results of a number of bar checks 

should be averaged to be applied over a considerable period of time, or whether the 
result of the bar check at the beginning of the period should be averaged with that at 
the end of the period for application to the soundings taken between bar checks. 
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It should be emphasized that this method is not to be used except when exception- 

ally good results are obtained from the bar checks and they are consistent enough to 
give reasonable assurance that the greatest part of the difference is due to the velocity 

ofsound. Furthermore, the method is applicable only where the range of the bar depths 

nearly covers the range of depths sounded. Velocity corrections must not be extra- 
polated from a correction curve so obtained, for depths greater than one-third more than 
the range of the bar checks. 

562. MECHANICAL CORRECTIONS TO FATHOGRAM SOUNDINGS 

An instrument has been designed in the Coast and Geodetic Survey by which 
depths can be scaled from the fathogram of an 808 Fathometer fully corrected for tide, 
phase, and index setting, and approximately for the velocity of sound. The instrument 
consists of a small bench with a reel at each end to hold the fathogram record spools, 
between, which is a platen across which the fathogram may be moved, assimilating 
its movement at the time the record was made on the echo-sounding instrument. As 
the fathogram is moved across the platen, it passes under a circular piece of transparent 

plastic about 10 inches in diameter, on which is inscribed a circular graduated scale 
covering the entire range of depths (0 to 160) of the 808 Fathometer. The scale is 

graduated for the calibration velocity of 820 fathoms (or approximately 1500 meters) 
per second, but the circular plastic scale is removable, and others are provided with 

scales graduated for velocities of sound at 15-meter intervals, i. e., for velocities of 
1470, 1485, 1515, etc., meters per second. 

The radius of the circular scale is exactly equal to the length of the stylus arm of 

the Fathometer, so that the circumferential arc of the scale corresponds to the are 
described by the stylus across the fathogram. Provision is made for keeping the fatho- 
gram alined horizontally with the center of the scale. For scaling any given recorded 
depth, the center of the circular scale will occupy the same relative position as was 
occupied by the center of the stylus arm at the time the record was made. 

On the periphery of the plastic scale are four groups of graduations, each ranging 
from +5 to —20, to provide for tide corrections for the different phases of the instru- 
ment (see 5232). 

In scaling depths with this instrument the printed scale on the fathogram is ignored. 
The following four adjustments are provided: (1) The circular plastic scale can be moved 
vertically, with reference to the fathogram, to make the circular scale coincide with 

the arc drawn by the stylus arm; (2) the scale can be rotated to set the zero of the scale 
correctly with reference to the recorded position of the transmitted signal on the 
fathogram; (3) it can be rotated also to correct for the height of tide; and (4), it can 

be rotated to scale depths from any one of the four depth phases which the instrument 
provides, without disturbing the above three adjustments. 

The 808 Fathometer operates at a calibration velocity of 820 fathoms per second, 
and a scale graduated for this calibration velocity is provided. But by changing scales 
and always using the scale for the velocity of sound nearest to the average which 
existed from surface to bottom in the depth sounded, no error exceeding one-half percent 

of the depth will be introduced by this method of correcting for velocity. 
Or if accurate bar checks have been obtained throughout the range ‘of depths 

sounded (see 5617), a scale can be selected to fit the record of the bar check without 
any reference whatsoever to the velocity of sound. 



563 HYDROGRAPHIC MANUAL Pace 540 

563.. Errors CAUSED BY BoTrtoM SLOPE 

The transmitting and receiving units of echo-sounding instruments using sonic 

frequencies are generally nondirectional (see 5152A), and those which utilize supersonic 
frequencies are usually made more or less directional. When a sound impulse emanates 
from a sonic transmitting unit, the sound is propagated in all directions in the medium 
and the first echo that is registered on the indicator of the echo-sounding instrument 
will have traveled to the bottom and back by the shortest possible route—in other 
words, it will have been reflected from the bottom surface nearest to the vessel that 
offers a normal reflecting surface. Where the sea bottom below the vessel is sloping, 
the shoalest registered echo sounding, theoretically, will not have been reflected from 

vertically below the vessel, but from some point on the slope which is some little distance 

away horizontally. 
Echo-sounding errors caused by the slope of the sea bottom present an exceedingly 

complex problem because of the wide range of conditions encountered in actual practice. 
Such an error depends on (a) the slope of the bottom with respect to the horizontal; 
(b) the depth of the water; (c) the shape of the bottom; (d) the reflecting characteristics 

of the bottom; (e) the dimension of the cone of sound transmitted if the transmitting 

unit is directive; (f) the frequency of sound transmitted; (g) the intensity of the trans- 

mitted signal; and (h) the sensitivity adjustment of the instrument. 
Where the slope that the bottom makes with the horizontal is known, the true 

depth at the place of sounding can be theoretically determined by applying a correction 
to an echo depth obtained on a sonic instrument in one of a number of ways all of which, 

however, employ the basic relation 

Saye 

cos 6 

in which h is the vertical depth under the vessel, e is the echo depth registered on the 
echo-sounding instrument, and @ is the angular slope the bottom makes with the 

horizontal. 
The determination of the angular slope of the bottom is by no means a simple 

matter. It is sometimes difficult to realize when examining a line of echo soundings, 
and particularly the profile so distinctly shown on a fathogram, that it is not a true line 
profile, or section. It is actually a composite profile made up of echoes reflected from 

many points of the bottom, some to one side and some ahead or astern, within the 

effective cone through which the sound from the oscillator is radiated as the vessel 
moves over the water surface. The diameter of the area on the sea bottom, covered 
by this cone, depends on the angular spread of the transmitted sound and the depth of 

the water. The width of the band effectively sounded along the track of the vessel 
over a flat horizontal bottom is given by 

w—=2d-tan 6 

in which w is the diameter of the cone at the sea bottom, d is the depth of water, and 6 
is the angle between the edge of the cone and the vertical. This is on the assumption 
that echoe& are received from all points of the area within the cone, probably an infre- 
quent occurrence as only a fraction of the reflected energy is received. 

To make accurate corrections for the slope of the bottom would, therefore, require 
detailed knowledge of the submarine topography. For many types of bottom, fairly 
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accurate corrections can be deduced from the depth contours based on uncorrected 

echo soundings. The problem can be dealt with either by moving the echo sounding 
to a point vertically over the echo point and reducing it to give that depth, or by increas- 
ing it to give the vertical depth below the vessel. In either case, methodically correcting 
the soundings on a survey sheet is a laborious task. 

In areas of irregular bottom, it is not possible to reconstruct from uncorrected echo 
soundings a profile or series of depth curves of sufficient accuracy for this purpose. 

The actual point on the bottom from which the echo for a particular sounding is re- 
flected cannot be easily determined, and regardless of the intensity of a survey in deep 
water, detailed contours drawn will not always disclose whether the survey has been 
intense enough to justify the use of depth curves for the correction of echo soundings. 
In a steep submarine canyon the echo of a sonic instrument would never come from the 
deepest portion of the canyon as long as the distance from the survey vessel to the 
sloping sides is less than the vertical depth below the vessel; in such a case there is no 
practical correction that can be made. If the echo soundings are corrected on the 
basis of the slope of the side of the canyon, there is always a likelihood of showing either 
a greater or lesser depth than actually exists in the deepest part of the canyon, and sel- 
dom will the true depth be indicated. 

It is therefore obvious that something more than a mere detailed contour sheet 
based on the echo soundings is required to make a rational analysis of the corrections 

to be applied for slope to deep-water soundings in areas of irregular bottom. By 
making certain assumptions, one European investigator has proposed the construction 

of profiles of the individual sounding lines, with equal vertical and horizontal scales, 
and from these and the contour sheet the corrections are to be deduced. This is an 
elaborate method and its use depends on the closeness of the spacing of the sounding 
lines. The method may find application in thoroughly surveyed regions where, for 
scientific purposes, the closest possible approximation to the true bottom configuration 

may be desired, which could not be obtained from the depth contours alone. This 
would require, particularly in an area of irregular bottom, a much more intensive survey 
than is needed for navigation and for general hydrographic surveys. The method 
would not be justifiable. 

A practical solution to the problem would be to study the uncorrected echo sound- 
ings in a given area, and where the study discloses that the echo soundings by themselves 
are not adequate for representing the bottom configuration, to supplement them by a 
number of vertical soundings. This should be done on steep slopes contiguous to 
gentle slopes and in submarine valleys and canyons. 

The nautical charts resulting from hydrographic surveys are made for the use of 
the mariner. While, from a purely theoretical viewpoint, a correction should be 
applied to echo soundings for errors caused by slope, there are several practical reasons 
why this is neither desirable nor necessary. 

The depth at any point is represented on a chart by a numeral and not by a point. 
From the viewpoint of the practical navigator then, there is no advantage in correcting 

an echo sounding to verticality if at the scale of the chart an actual depth of water 
equal to the uncorrected echo sounding would be found at a small horizontal distance 
away, especially if this distance on the chart is normally covered by the height and width 
of the numerals representing the sounding. In the practical application of this principle 
it will be found that the corrections for slope will be automatically eliminated from a 
large percentage of soundings. This is more fully explained in Special Publication No. 
165, Slope Corrections for Echo Soundings. 
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Another consideration to bear in mind is that echo-sounding instruments are being 
used increasingly for navigation, and if the navigator uses a sonic instrument he also 

will read uncorrected depths. If from a survey vessel at a given point an echo sounding 
is obtained with an error due to bottom slope, and this uncorrected depth is charted, 
it will represent the depth which the navigator will obtain on his instrument at the same 

point. If such soundings should be corrected for errors due to slope, it would be neces- 
sary for the navigator to reverse the correction process or to apply corrections to the 
echo soundings he obtains before he could utilize the charts. 

Because of the complexity of the problem and the difficulty of applying slope cor- 

rections rationally, especially in irregular bottom, slope corrections should not be made 
by field parties except as specifically directed in the project instructions. 

In areas of irregular bottom and steep slopes, the reflected echo is often registered 
on the echo-sounding instrument indistinctly, or as a multitude of depths scattered 
along the scale, one of which may be the true depth. On a visual instrument the selec- 

tion of this true depth is virtually impossible, due to its confused character and the 
fact that the observer has no time for analysis. On the fathogram of a graphic-recording 
instrument, however, the characteristics of such soundings appear more clearly, and 

there is a permanent record of them from which a deliberate study may succeed in 

selecting the true vertical depth, or one near it. At any rate the evidence of what was 
registered on the instrument is permanently recorded so that the results can be more 
properly evaluated than is possible from a series of depths recorded in a Sounding 

Record. 
In connection with bottom slopes, caution is necessary in examining fathograms 

of graphic-recording instruments. Because of the exaggerated vertical scale one is 
apt to be startled by the steep slopes depicted and to think of them as representative 

of the actual submarine relief. This is far from true since it is customary on most 

fathograms to have the vertical scale increased many times with reference to the 
horizontal scale. For the fathogram of an 808 Fathometer the vertical scale along the 
are is about 45 times the horizontal scale for a record made from a vessel traveling at 

7 knots, and about 65 times for a vessel traveling at 10 knots. From these relationships 

the relation of the vertical scale to the horizontal for other vessel speeds can be com- 

puted. 
57. ECHO-SOUNDING INSTRUMENT OPERATION 

Although the fathometer attendant is not expected to be able to repair and make 

mechanical adjustments to an echo-sounding instrument, he should be familiar with 
the principles of operation of the instrument he is using; and he should follow certain 
precautions in operating the instrument and in reading the registered depths in order 

that the recorded values may most accurately represent the true depths. 

The various precautions to be observed in operation and in reading the registered 
depths are described in chapter 3 and in this chapter, but they are summarized here 
for convenience, and unless otherwise noted apply to all echo-sounding instruments 

described in this Manual. 

(a) The gain control must be adjusted at the highest value that will not produce excessive 

strays or cause oscillation of the amplifier, and it should be maintained at this value, except when it 

is necessary to change it for the proper registration of soundings. This setting should be the same as 

was used in any determination of the instrumental error or in any comparative soundings (see 552). 

It must be borne in mind that a readjustment of the gain control alters the position of registration on 

the depth seale. (See 5163.) 
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(b) The motor speed must be kept at the correct calibration value (see 555). For instruments 

with reed tachometers this is when the middle reed is vibrating at maximum amplitude. For graphic- 

recording instruments the motor speed must be kept continuously at the correct value. For visual 

instruments the fathometer attendant must see that it is correct at the time each sounding is read. 

(ec) On a visual instrument where the depth is indicated by a line of appreciable width, the shoal 

edge of the line must be read (see 5543). On a graphic-recording instrument where the depth is 

indicated by a jog or offset from a continuous line the depth is indicated by the very beginning of the 

offset mark. 

(d) Regardless of the sounding interval, the fathometer attendant must observe continuously 

the depths registered on a visual instrument in shoal water or wherever there is the slightest possibility 

of the existence of dangers or obstructions, in order to make certain that none of these is missed 

(see 3415). In one test that was made with the 312 Fathometer on a vessel proceeding at standard 

speed over a known shoal with depths of 744 fathoms rising from general depths of about 40 fathoms, 

the shoalest depth was registered by only one flash of the neon tube, preceded and followed by only 

one or two faint flashes from intermediate depths. These latter might easily have been mistaken for 

strays. 

(e) Using a visual instrument the fathometer attendant must be certain that he is not reading a 

multiple echo (that is, a second or third echo instead of the first). This is particularly important 

where sounding is begun in comparatively deep water where even the approximate depth is not known. 

(f) Where rapid fluctuations in registered depths are known with certainty to be caused by the 

vertical motion of the vessel in rough weather, a mean depth shall be recorded (or scaled from a fatho- 

gram) which is as near as possible to what the depth would have been had the sea not been rough. 
But where rapid fluctuations in registered depths are caused by bottom irregularities the shoalest of 
these occurring near the time for a sounding shall be recorded or scaled. 

(g) Regardless of the sounding interval an intermediate depth must be recorded, or scaled, wherever 

the intermediate depth differs from the normal slope of the bottom by more than 5 percent of the 

depth (see 3433). 

(h) The fathometer attendant must learn to distinguish between an echo from the bottom and 

astray. Usually, but not always, the true echo on a visual instrument is slightly brighter in intensity 

than the strays. Generally, strays appear on the dial at random and thus ean be distinguished from 

echoes, but under certain conditions strays may be repeated at the same place on the depth scale, 

thus resembling soundings (see 5147). 

(z) In sounding over irregular bottom where the slopes are steep, and particularly in compara- 

tively deep water, several echoes from different parts of the slope are often registered almost simultane- 

ously on a visual instrument. These appear on the dial as a splattering of the light from the neon 

tube. Theoretically at least, the shoalest depth registered on a sonic instrument should be from that 

part of the bottom nearest to the vessel, regardless of verticality. This obviously is not the true depth. 

Under certain circumstances, however, the true vertical depth may be registered as a deeper value. 

In such cases a notation should always be made in the Sounding Record, describing the appearance of 

the registration on the instrument and stating which value was recorded. (See also 5145 and 563.) 

(j) If an allowance for settlement and squat has been made when the index was adjusted, any 

soundings taken from the vessel stopped or at slow speed must be corrected arithmetically for this 

allowance (see 553). The fathometer attendant must note in the ‘Remarks’ column of the Sounding 

Record all such soundings for which this correction is required. 

(k) Rubber Stamp No. 31, Graphic Record, must be impressed at the beginning and end of each 

fathogram roll, and at the beginning and end of each day’s work on the fathograms; entries must be 

made in all applicable spaces. Figure 116 is a facsimile of this stamp with entries properly made. 

571. FATHOGRAM INTERPRETATION 

With a graphic-recording echo-sounding instrument a continuous and permanent 

profile of the bottom is obtained. No trouble is experienced in scaling depths with the 

required accuracy from the majority of fathograms. But certain precautions in 
operation during sounding are required, certain recorded evidence should be explained 
on the fathogram by the hydrographer, and certain skill in interpretation is required, 
in order that the greatest value and the most accurate results are obtained from the 
records. 
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The folowing instructions apply generally to all fathograms, but particularly to 
the 808 Fathometer. The fathograms illustrated to which reference is made in the 
text were all recorded on the 808 Fathometer. 

a. Effect of gain adjustment.—A variation of the gain control causes a decided change in the 

recorded depth. (See 57(a).) Tests of one 808 Fathometer in depths up to 50 feet have proved that 

a change of one division in the adjustment of the gain control in the operating range (7 to 8) causes 

a change of about one-half percent in the recorded depths; also, a change of about 0.1 foot in the 

recorded position of the transmitted signal. As repeatedly emphasized in this chapter, the instrument 

must be operated as much as possible at a constant gain setting—the maximum possible without the 

introduction of excessive strays. Corrections should be computed for any variation of sensitivity 

for recorded soundings in critical depths, if such corrections affect the soundings appreciably. 

No. 31 GRAPHIC RECORD 

eee were ee eee eee eFes esses eeeesreseseeeseessssees 

To Pos. No....96H..Date.... Jul/y...19, 1942 score e eee ee eta we cee see sete sees conwre eeerece 

Jagged profile {zet} caused by seas. 

Benson eee ear ae One atE 

Tide reducers by:..\4. A..$-. Checked by:..4: ALN:. 

FIGURE 116.—Facsimile of stamp used on fathograms. 

Improper gain adjustment is illustrated at (5) in figure 117 by the prolonged record made by the 

stylus after the receipt of the echo, and previously in the upper right corner of A by the excessive 

width of the transmitted signal. In an attempt to obtain a more clear-cut record the amplifier gain 

was increased excessively, causing oscillation of the amplifier. Excessive gain is also illustrated in 

J in figure 119. Note the strays caused near (34) in figure 119 by this excessive gain. 

Four changes in gain adjustment are apparent in Z in figure 119. At (38) the gain was increased, 

as is evidenced by the wider and darker record of both the transmitted signal and the echo; a further 

increase in gain resulted in oscillation of the amplifier at (37) ; a decrease in gain at (36) and an increase 

at (85) caused a lightening and darkening, respectively, of the trace of both the transmitted signal 

and the echo. 

b. Variation in motor speed.—A variation from the correct motor speed produces a directly 

proportional error in the recorded soundings. It is, therefore, important for the hydrographer while 

sounding, and the cartographer while plotting the smooth sheet, to check the travel speed of the paper 

occasionally in accordance with 5554. 

Irregular speeds caused by poor governor control may result in a record very similar either to one 

produced by echoes from marine growth or to one produced while sounding in a short regular chop. 

A sudden sharp peak in the record may be caused by a momentary sticking of the governor con- 

tacts of the motor. Such a fault can cause‘a record, as in (27) in figure 118, which resembles a pin- 

nacle. Note that this is not a stray because the double echo is plainly evident at (28) and this evidence 

would be lacking if (27) were a stray. Or such a fault can cause a sudden depression in the record. 

Such a change in speed is readily detectable by ear, although the noise of the launch engine may make 

it go unnoticed. When such a change is detected however, it should be noted on the fathogram. 

c. Faulty instrumental operation.—A sudden sharp depression or elevation in the record of the 

bottom, where accompanied by a change in the recorded position of the transmitted signal, is not a 

hole or shoal on the bottom, but an instrumental fault probably caused by a sudden shifting of the 

transmitting contact due to a looseness in the locating pin or shifting of the phasing head. Such an 

instrumental fault is probably illustrated at (389), (40), and (41) in figure 119. Note that each time 

this occurs in the record of the bar check it also occurs in the record of the transmitted signal. Further- 

more, that the instrument is operating poorly is evidenced by the ragged appearance of. the line 

recorded by the transmitted signal. 
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tee er eS Ge Pr a : sh 

FIGURE 117.—Types of bottom relief shown vividly in fathograms of the 808 Fathometer. 

A shows hard bottom protruding through soft bottom. B shows silt-filled depressions. C shows rugged bottom and is an inter- 

esting example of multiple echoes. The second echo is marked 7, the third is marked 8, and even the fourth is visible at 9. The trace 

above each shoal is from kelp. Note that the scale of A and B is six times that of C. See text for number references. 
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Insufficient pressure of the stylus will sometimes cause the instrument to cease recording for very 
short intervals, usually preceded by intervals during which the stylus marks only faintly. An ex- 

ample of faulty stylus pressure is illustrated in F in figure 118, where the stylus did not record at (23) 

near the right-hand side of the record. This is another example of excessive amplifier gain, probably 

accompanied by regeneration of the amplifier. Note how much wider the trace of the transmitted 

signal is at (24) than at (25). 

A poor contact in one of the several mechanical contacts may be responsible for no signal being 

recorded. An example of this is illustrated in # in figure 118. Note that at (20), (21), and (22), and 

at several other places the record is momentarily lacking. That this instrument is faulty in operation 

is evidenced by the ragged line made by the transmitted signal. 

Carbon nodules occasionally form on the platen over which the record paper travels and these 

cause horizontal marks to be traced through the fathogram as at (33) in figure 119. Several such 

marks are also evident in F in figure 118. The platen should be cleaned and polished daily in accord- 

ance with 5237b, or more often if necessary to remove the trouble. 

d. Types of bottom.—Bottoms of different types record characteristic echoes; hard bottom may be 

recognized by a shorter and blacker mark than soft bottom. The longer and fainter trace from the 

latter is because of the low density of the soft mud which permits a certain penetration of the signal, 

the echo being received from the true bottom and a multitude of depths immediately beneath. This 

difference is vividly illustrated in B in figure 117 where the depressions are evidently filled with 

material of varying density, and invariably the trace of the echo reflected from these is much longer than 

from the rocky portions between them. The same thing is illustrated in A in figure 117 where at 

(1) there is an intrusion of hard material through several sedimentary layers. 

In extremely steep and broken bottom, echoes from slopes may sometimes be recorded. Under 

exceptional circumstances the echo from a slope may block out the true vertical echo, distorting the 

profile. (See 563.) 

A slope may be so steep that no echo from it will be recorded, particularly if the Fathometer is 

being operated on the fathom scale. Such a case is illustrated at (26) in figure 118 where no echo 

has been received from the left-hand side of the slope. A critical examination of the trace will disclose 

that there is an appreciable horizontal distance between the edge of the top of the slope where the echo 

is lost and the bottom of the following deep from which the echo again registers. 

Because of the great exaggeration of the vertical scale at launch sounding speeds, slopes that 

appear to be nearly vertical from the record will, after careful scaling and analysis, become rational. 

(See 563.) 
Reflections from the sides of a depression can give a record which resembles a layer of silt over the 

depression, somewhat similar to that illustrated at (6) in figure 117. It, must be borne in mind that 

such echoes can come from slopes to one side, as well as from ahead or astern, and that the dimensions 

of the features in this direction are not evident from the profile. Where deposits of silt are rare, such 

indications should be investigated by vertical leadline or wire soundings. 

e. Evidence of shoals —Over submarine topography of a rugged nature, in areas of heavy sub- 

merged, or floating, kelp or other marine growth, and when the Fathometer is not operating properly, 

the hydrographer must make a careful study of the indicated shoals before accepting or rejecting 

them. The study of similar records in which shoal indications have been checked with the leadline is 

helpful but not always conclusive. 

True shoals in extremely irregular bottom can generally be distinguished by the fact that there is 

no evidence of a record of the bottom through the base of the trace of the shoal. In other words, the 

trace of a true shoal appears as a A with an opening in the trace at its base. This is illustrated in D 

in figure 118, more especially at (14), (15), (17), (18), and (19). This record warrants careful study. 

Also note that the trace at (16) is from a true shoal, although the open A at its base is not so apparent, 

because it is filled by the trace of the double echo. 

f. Reflections from kelp or other marine growth.—Probably the fathograms that are most difficult 

to interpret properly are those in which echoes from kelp, or other marine growth, appear; particularly 

where the kelp is well submerged. Where the main bulk of the kelp floats at some distance above the 

bottom, the trace from the kelp appears to be detached or semidetached from the bottom with the 

result that the bottom trace is partly obscured and reduced in intensity although it is still possible to 

follow its outline. An excellent example of kelp on shoals, the character of which there is no doubt, 

is illustrated in C in figure 117. On every shoal near the surface, at (10), (11), (12), and (13), kelp is 

growing and its trace is shown in the record, yet there is no doubt about the true bottom at some 

depth below the kelp. At (32) in figure 119 the trace from the kelp, or other marine growth, almost 



Pace 547 ECHO SOUNDING 571 

FIGURE 118.—Various interesting fathograms of the 808 Fathometer. 

Extremely rugged bottom appears in D, E, and G, and the second echo has recorded plainly in H. These fathograms are discussed 

in the text and referred to by the reference numbers. Note that the scale of F and His six times that of D, E, and G. 
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FIGURE 119.—Interesting fathograms of the 808 Fathometer. 

I shows marine growth on almost flat bottom. K shows irregularities caused by the vertical motion of the hydrographic launch 

due to a ground swell—the average of the peaks and valleys should be scaled where this is known to be the cause. JZ is an example of 

very soft surface bottom. is an illustration of a bar check (see 557). The scale of all fathograms in this figure is the same. They 

are referred to more fully in the text by the reference numbers. 
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connects with the trace of the echo from the bottom, yet the latter is plainly distinguishable, and 

there is no doubt about the character of the shoaler trace. 

There is more doubt about a case such as is illustrated at (30) in figure 119. The trace of the 

bottom is distinguishable through the shoaler trace at (29) but it cannot be distinguished at (30). 

Where the kelp is heavy enough to prevent any echo being received from the bottom, or where the 

trace from the kelp obscures any trace there may be from the bottom, the fathograms are useless unless 

supplemented by leadline soundings. In all such cases the fathogram should be carefully scanned 

for evidence of the true bottom, and where it cannot be seen, the areas should be investigated with 

the leadline. 

A careful study of such fathograms will generally, but not always, show a difference between 

soundings on a true pinnacle and a reflection from kelp. Where the record appears as a A with open 

bottom, as described above, it can be interpreted as a true shoal. However, should the trace show a 

sudden shoaling with no indication of a A opening, it may or may not indicate an echo from kelp, and 

further investigation should be made. 

g. Evidence of strays.—So-called strays may, at times, be difficult to distinguish from true shoals. 

In A in figure 117, there is no doubt about the nature of the mark at (2)—it cannot possibly be a 

shoal, although it can be, and probably is, an echo from some submerged debris, because close inspec- 

tion of the record shows that the trace from the surface of the bottom is missing at this point. But if 

such a mark as at (2) comes at a depth where it resembles a shoal protruding from the bottom, one 

cannot always be certain of its true nature from the fathogram. For example, note that at (3) the 

trace of the bottom can be followed through the stray, but this cannot be done at (4), which may be 

a true shoal—at least there is no evidence that it is not. In J in figure 119 are similar examples. 

The detached traces to the right of (32) and the fainter mark to the right of (31) are without doubt 

strays. It is probable that (31) is a stray, from its characteristic shape, although the trace of the 

bottom cannot be followed through it. The other sharp uplifts look more like true shoals, although, 

the level nature of the bottom seems to make this unlikely. 

With reference to e, f, and g above, it cannot be assumed with assurance that a 

continuous record of the bottom through the base of a A-shaped shoal trace proves the 
nonexistence of a danger or obstruction. A fathogram record has been made over a 
known wreck and on this fathogram the continuous trace of the bottom is clearly 
evident, in addition to the shoaler record of depths on the wreck. In this case the 
recorded depths below the wreck are deeper than adjoining depths, which may be 
evidence of echoes from an angle from the periphery of the cone of sound. Theoreti- 
cally, of course, it is possible, assuming a sufficient intensity of sound and gain control, 
to obtain a continuous record from adjoining depths while passing over a shoal, if the 

area of the shoal is less than the area of the cone of transmitted sound, where it meets 

the bottom. g 
Hydrographers should not expect the fathograms to be always self-explanatory. 

It is true that they contain a permanent record of much evidence that is lost when 
soundings are read from a visual instrument. But hydrographers must still investigate 
with vertical casts a sufficient number of representative places which cannot be surely 
interpreted from the fathograms alone. If the investigation of representative cases 
ensures a correct interpretation of all others of a similar nature, that should suffice; 

otherwise all doubtful places on the fathograms must be investigated with vertical casts. 
It is important that the fathogram record be clear, that the fix marks and other 

events be legibly and neatly identified, and that a minimum of notations be made on 
the fathogram to ensure its correct interpretation. Figure 120 illustrates a fathogram 
with the notations properly made. 
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572. INSTRUMENT TESTS AND MAINTENANCE 

Throughout the text of chapter 5 various tests and the maintenance of the various 
instruments used by the Coast and Geodetic Survey have been described. For con- 
venience these have been summarized in table 21 with reference numbers to the text 
where they are described more fully. The X entries in the table are just as important 
as the others although they may not have been particularly stressed in the text. Each 
entry is listed according to time and this is intended as a reminder to the hydrographer 
when each should be accomplished. It is not the intention of this table to prescribe 
the exact frequency of these operations. Experience with each instrument under vary- 
ing conditions of operation may establish this better. However, it must be borne in 
mind that no departure should be made from the requirements of this schedule which 
will in any way result in less accurate soundings or endanger the instrument because of 
inadequate maintenance. 

One blank column has been provided for similar entries for any new type of instru- 
ment acquired. 

58. ECHO-SOUNDING EXPEDIENTS 

When results cannot be obtained with echo-sounding instruments operated conven- 
tionally, either because the depths are beyond the effective range of the instrument or 
for other reasons, unconventional expedients can sometimes be used in emergencies to 
obtain results. The two described here are only typical and the inference should not 
be drawn that there are not others which will give equally good results. No such 
method should be utilized, however, except in an emergency. 

581. DEEP-WATER SOUNDING WITH THE 312 FATHOMETER 

Where the depths are beyond the effective range of the 312 Fathometer, the index 

disk can be disengaged so that a signal of longer duration can be transmitted by making 

the necessary contact manually, as is done in adjusting the index (see 5543). The 
echo from this longer transmitted signal can often be heard in earphones, when no results 
can be obtained by operating the instrument conventionally. The elapsed time between 
the transmitted signal and the reception of the echo must be accurately measured on a 
stop watch or chronograph. The transmitted signal will record automatically on the 
chronograph (see 5553) but because the echo will be weak its reception will probably 

have to be recorded manually. 

582. Sounpinc Wita Bomss 

To sound in deep water, in the absence of a deep-water echo-sounding instrument, 
or in water whose depth exceeds the range of the available instrument, bombs can be 
substituted for the oscillator, and the R.A.R. chronograph (673) used as a time-measur- 
ing device. The time required for the sound of the bomb explosion to travel to the 
bottom and return is measured on the chronograph tape in seconds, as in standard 
R.A.R. practice (685), and after having been corrected it is multiplied by the mean 
velocity of sound from surface to bottom. 

The bombs must be exploded at a known depth. This may be effected by attaching 

each bomb to an inflated paper bag by a cord of the desired length. Four fathoms is 
suggested as a proper depth. This involves no hazard since the paper bag soon becomes 
water-soaked and permits any unexploded bomb to sink. (See also 6846.) 



Pace 553 ECHO SOUNDING 582 

The operation otherwise is similar to that used in distance finding in R.A.R. The 
bomb explosion is received through the ship’s hydrophone and recorded on the chrono- 
graph, the echo received later from the bottom being also recorded. The time intervals 
are scaled as in R.A.R. (6853), and the same “ship’s run corrections” are added to the 

scaled values. A constant equal to the mean depth of the bomb explosion and the 
ship’s acoustic receiving unit must be added to the final result. 

Comparisons indicate that depths measured in this manner in about 2,000 fathoms 

are, on the average, less by some 15 fathoms than simultaneous depths measured by 

echo-sounding instruments. The data are inconclusive but seem to indicate that 
sounding with bombs should give results within the specified accuracy of 99.5 percent 
for depths of 3,000 fathoms or greater. 

Sounding with bombs is authorized only for experimental purposes or in an emer- 
gency in deep water, when authorized methods fail to give results. 
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CHAPTER 6. RADIO ACOUSTIC RANGING 

61. GENERAL STATEMENT 

Radio Acoustic Ranging (R.A.R.) is a method of control used in hydrographic 

surveys for determining the position of the survey vessel by indirect measurement of 
two or more distances. The distances are derived from the accurate measurement of 
the times required for a subaqueous sound, originating at the position to be determined, 
to reach two or more suitably located receiving units whose geographic positions are 

known. The distance from the source of sound to each receiving unit is determined by 
measuring this travel time and multiplying it by the effective velocity of sound. With 
two or more distances thus determined to receiving units suitably located, the position 
of the survey vessel is then located on the survey sheet at the intersection of ares con- 

structed with these distances as radii. R.A.R. is used in areas beyond the visibility of 
shore signals and where the use of survey buoys is not practicable or is unnecessary. 
It is independent of the conditions of visibility and, therefore, may be used at night or 
during times of reduced visibility. 

611. History oF DEVELOPMENT 

Subaqueous sound was first used in navigation to determine the direction of an 
underwater source of sound from a vessel equipped with two hydrophones (subaqueous 
sound receivers), one on each side of the vessel near the bow. <A patent was granted 
for this device in 1894. The direction was found by varying the heading of the vessel 
until subaqueous sound of equal loudness was heard simultaneously in earphones, one 
connected to each hydrophone. Probably the first practical use of subaqueous sound 
to determine horizontal distances at sea was in connection with the use of the submarine 
bell as an aid to navigation during fog. Submarine bells, suspended 25 to 30 feet below 
a lightship, were in general use by the United States Lighthouse Service in 1906. The 

submerged bell was synchronized to strike simultaneously with the blast of a fog whistle 

in air, and from the interval of time between the reception of the subaqueous sound 

through the water and the reception of the fog whistle through the air a mariner could 
determine his distance from the lightship. <A radio signal was successfully substituted 
for the whistle signal in experiments conducted in September 1911. The principle 
upon which those experiments were based is very similar to that utilized in R.A.R. 
by the Coast and Geodetic Survey, but the method was never extensively used in navi- 
gation because of the rapid development and use of radio direction finding. 

It is interesting to note that the development of echo-sounding methods to measure 
depths of water resulted from an attempt to develop a method of measuring horizontal 
distances by subaqueous sound. Although much experimental work had been done 
previously (see 512), it was the sinking of the Titanic in 1912 that emphasized the 
need for a method of determining the existence of icebergs in the track of a vessel and led 
to the improvement of instruments designed to produce and to detect subaqueous sound. 
These instruments, however, found their greatest application in measuring depths of 
water and future development was toward perfecting them for this purpose. 
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The submarine menace of World War I made urgent the development of a practical 

method of detection, which led to intensive study of the transmission of sound through 
sea water in an effort to solve the problem. Anorganization of the best scientists, 
working with the military services, added greatly to the knowledge of the subject. 
Instrumental equipment for, and methods of, transmitting and receiving subaqueous 
sound were perfected. Instruments for the specific purpose of measuring the time of 
transmission from source of sound to receiver were also developed. 

After World War I, the United States War Department continued to study the 
transmission, reception, and velocity of sound, principally in the waters of Fishers 

Island Sound. Small bombs, suspended below targets whose positions could be deter- 
mined, were exploded and the arrival of the sound wave was recorded at shore stations 

connected by cable to submerged hydrophones at various distances from the source. 
The results obtained encouraged the Coast and Geodetic Survey to try to modify the 
method so it could be used to control hydrographic surveys. 

The first experimental work in the development of R.A.R. was performed in collab- 
oration with the War Department in Fishers Island Sound in October and November 
1923. ‘The first time-measuring apparatus was based on the equipment developed by 
the United States Bureau of Standards for the longitude observations of the Coast and 
Geodetic Survey, modified for use on board ship. In the initial phase of the develop- 

ment, the Bureau of Standards collaborated in the design of the instrumental equipment, 
while the Coast and Geodetic Survey developed the practical technique of operation 
for use in hydrographic surveys. The apparatus was field-tested and the survey 
routine was developed on the Ship Guide off the coast of Southern California in Feb- 
ruary and March 1924, and by the end of March the method was in actual use, although 
improvements continued to be made. 

612. THrory or R.A.R. 

There are several general methods of sound ranging to determine the position of 
an unknown point: ; 

(a) The arrival time of a sound signal may be observed at three or more time-coordinated 

receiving units at known positions. The differences of the arrival times at the various receiving 

units can be used to derive the position of the source. This is known as the differential method and 

is in general military use to determine the positions of enemy gun emplacements. 

(b) The travel time of a sound, synchronized with a radio signal at the source, may be observed 

at two or more shore stations at known positions. The time interval measured at each shore station 

may be radioed to the survey vessel where the position of the source may be determined. 

(c) A sound signal may originate at the vessel, where the time of its origin is recorded. The 

arrival times of the sound at two or more receiving stations are transmitted automatically by radio 

and received and recorded on board the vessel. The time required for the acoustic wave to travel to 

each receiving station may be scaled from the record and the position determined from these data. 

The accuracy of these methods depends on the position accuracy of the receiving 
units, the accuracy with which the time intervals are measured, the accuracy with 

which the velocity of sound is known, and the diagnosis of the path along which the 
sound wave is propagated in reaching each receiving unit. 

For most efficient use in hydrographic surveying, observations taken for the 
determination of the ship’s position must be controlled on board and the observed data 

must be available in the shortest possible time after the observations. Because of 
these requirements the method outlined in (c) is the most practicable for use in R.A.R. 

The subaqueous sound is made by exploding a small TNT bomb in the water near 
the survey vessel. This explosion is recorded on the vessel on a chronograph tape on 
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which time intervals are recorded. The sound of the explosion travels in all directions 
and on arrival actuates each receiving unit so that a radio signal is automatically 
transmitted. The several radio signals are recorded on the vessel on the same tape 
with the explosion. The travel times to the respective receiving units are scaled from 
the chronograph tape. These travel times are converted into distances by applying 
the effective velocity of sound in sea water and, if the positions of the receiving units 
are known and they are appropriately located, the position of the vessel may be deter- 
mined from two or more of them. 

6132 PRACTICAL User oF R.A.R. 

In other methods of horizontal control described in section 33, the survey party 
must either have good visibility for the angle measurements required to locate the 
soundings accurately, or be satisfied with relatively poor locations based on dead 
reckoning, perhaps supplemented by astronomic sights. 

Before the development of R.A.R. it had been generally accepted that soundings 
could not be located accurately in horizontal position during periods of low visibility, 
and in areas beyond the visibility of shore signals. Using R.A.R., accurate hydro- 

eraphic surveys can now be conducted, regardless of the visibility, continuously day 
and night, and if combined with a system of buoy control (see section 25), such surveys 
can be extended to a distance from shore that appears to be practically unlimited. 

The accuracy of any method used to control hydrographic surveys limits its © 
practical use. In R.A.R., instrumental equipment and field methods have been 

developed to where the time intervals can be very accurately measured. The velocity of 
sound, which must be known to compute the distances, is generally difficult to deter- 
mine and this, combined with an inadequate knowledge of the character of the propa- 
gation path of the sound in the medium, usually limits the accuracy. The character 
of propagation may also limit the distance at which R.A.R. is effective, but if a sufficient 
number of receiving units are used and their sites are carefully selected, the method 
may be extended to control the hydrographic survey of any ocean area beyond the 
visible limits of shore signals. 

62. PHYSICS OF SOUND 

The Radio Acoustic Ranging (R.A.R.) method of controlling hydrographic surveys 
is dependent on the transmission of sound through sea water. The propagation of 

sound through air has been the subject of extensive studies in the past—but its 
propagation through water has been less extensively investigated, because of its com- 
paratively limited application. The subject of sound transmission through water is 
treated in a general way in a number of publications, but complete information dealing 
specifically with the horizontal transmission of sound through water is not available 
in any one of them. 

The recent extensive use of the R.A.R. method of control by the Coast and Geodetic 
Survey has disclosed the limited knowledge of the subject. A thorough investigation 
of it is difficult because of its complicated nature and would be costly because it would 
require elaborate instrumental equipment and observations from expensively operated 
vessels for long periods of time in order to investigate all of its ramifications. With the 
exception of a few planned experiments, all data on the subject particularly applicable 
to R.A.R. have been obtained during the survey operations of the Bureau in various 
offshore localities. A knowledge of it has little practical application except in sub- 
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aqueous sound ranging and detection, but in these respects a thorough understanding 

of the subject is of primary importance. 

For the most successful use of R.A.R., not only are experimental investigations 
essential but the physical laws governing the propagation of sound should be under- 

stood. These physical laws are therefore briefly reviewed in 621. The propagation 
of sound through an ideal water medium of homogeneous physical properties is dis- 

cussed in 622, for the physical laws of sound can thus be more easily illustrated and 

more clearly understood. Such a medium is not necessarily hypothetical, for such 
conditions are occasionally approached in actual practice. In 623 is considered prop- 

agation through water whose physical characteristics are of a heterogeneous nature, 
more nearly approaching the actual conditions most frequently encountered in sub- 
aqueous sound ranging. The treatment is often necessarily from a theoretical view- 

point when the actual facts have not been fully disclosed by experimental investigations. 
In R.A.R. explosive sources of sound are used in order to permit detection at 

great distances. Most of the energy from such explosions is in the low frequency 
range and it is sounds of such frequency that are here considered. Sounds of higher 
frequency having other underwater applications may follow different modes of prop- 

agation. 

621. PuystcaL Laws oF SouND 

Sound is a form of energy transmitted through an acoustic medium by virtue of 
the elastic properties of the medium. Acoustic energy is transmitted through an elastic 
medium by being passed from one particle to another in the direction of propagation. 
When a sound passes through a medium, the particles in the medium at any given point 
along the path undergo a minute, purely local, longitudinal displacement. This local 

particle motion must be clearly distinguished from the longitudinal wave motion, 

which is the forward travel of the sound energy from particle to particle through the 

medium. 
The particles in a medium through which a sound wave is passing are represented 

by vertical lines at the top of figure 121. At A and C, where the lines are spaced most 
closely, maximum instantaneous pressure of the medium is represented—the particles 
or molecules are grouped more closely than in the undisturbed medium, and the medium 
is said to be condensed. At B, where the vertical lines are farthest apart, minimum 

instantaneous pressure of the medium exists—the particles or molecules are grouped 

farther apart than in the undisturbed medium and the medium is said to be in a state 

of rarefaction. At these points of condensation and rarefaction as the wave travels 

forward, the pressure is increased and decreased above and below the normal pressure 

of the undisturbed medium. Where the wave form is sinusoidal, as illustrated, these 

points of maximum condensation and rarefaction are always separated from each other 
by one-half the wave length, and they move forward with a constant velocity in a homo- 

geneous medium. The velocity of the forward travel is a function of the elasticity and 

density of the medium (see 63). 

Sound waves are defined by certain characteristics of the disturbing force and of 
the medium. These characteristics, some of which are interrelated, are: phase, 

frequency, wave length, and intensity. The phase of a sound wave at any instant 
and at any given point is based on the position of the particle relative to some reference 
such as its maximum displacement. Thus in figure 121, A and Care in the same phase. 
The frequency depends on the sound producing source; for example, if the source is 
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vibrating 150 times per second, the frequency of the sound wave produced will be 
150 cycles per second. The wave length is the distance between particles in the same 
phase. It is determined by the ratio of the wave velocity (v) to the frequency (f); for 

example, if the velocity of sound is 1,500 meters per second and if the frequency is 
150 cycles per second, the wave length is 10 meters. The intensity of a sound wave is 

defined as the energy (the capacity to do work) transmitted through a unit area in a 
unit of time. Intensity is usually measured in terms of energy, in ergs transmitted per 
second through 1 square centimeter of surface perpendicular to the forward motion. 
The intensity of sound must not be confused with loudness, because intensity is purely 
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FIGURE 121.—Sinusoidal sound wave. 

a rate-of-energy term, while loudness depends on frequency as well as intensity. Unless 

the sound is of a frequency perceptible to the human ear, it is not loud, although its 
intensity may be great. 

A sound wave transmitted through an elastic medium will travel in a straight path 
until it encounters a change in physical characteristics of the medium, where its direction 
will be changed by either reflection, refraction, diffraction, or a combination of these. 
At any point in a medium where sounds of identical frequency and wave form arrive 
from different directions there will-be interference. This may result in a decrease or 
an increase in intensity at this point between the limits of zero and the sum of their 
intensities, depending on the relation of the phases and the values of the intensities 
of the two waves. | 

When a sound is transmitted through a medium from one point to another its energy 
is attenuated. In practice this attenuation is due to the summation of all acoustic 
energy losses which take place. The failure of part of the sound energy generated at 
the source to reach the reception point may be due to transmission of energy to points 

other than that of reception, and due to the conversion of acoustic energy into heat. 
Some of the generated acoustic energy may fail to reach the point of reception because 

of lack of directivity of the source; simple refraction, reflection, diffraction, and inter- 
ference; and diffuse refraction and reflection. In any case some of the acoustic energy 

will be lost during transmission because of the viscosity of the medium. The amount 

of energy reaching the point of reception will be decreased by turbulence, aeration, and 

suspension of foreign matter. 

For long-distance transmission of sound, water is probably the best medium. 
It has homogeneous physical properties which are relatively stable as compared with 
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other media. Sound waves in water are confined to a layer between definite bound- 
aries formed by the surface and the bottom, a condition not found in other media of 
large dimensions. This layer is of varying thickness, but its vertical dimension is 
generally small as compared to the horizontal distances usually involved in subaqueous 

sound ranging. 

622. PROPAGATION IN AN IDEAL WATER MEDIUM 

The laws governing the propagation of sound in water can be more clearly explained 
and understood if the transmitting medium is assumed to be a homogeneous one and 
if the boundaries are well defined, plane, and parallel. Furthermore, in a simple case 
of this nature, and assuming the frequency of the sound is low enough not to be atten- 
uated by the viscosity of the medium, efficient transmission of sound will be obtained. 
A body of water approaches the ideal case of homogeneity where the temperature and 
salinity are uniform throughout, and where foreign matter is absent. And, under these 

conditions, it will afford efficient transmission of sound if the bottom is smooth and 
level, and presents a good reflecting surface. 

Such a condition is not entirely hypothetical for, during certain seasons, this ideal 
is approached in certain localities; for example, in certain areas of nearly uniform depth 
on the Atlantic Continental Shelf during the winter and early spring. In some localities 
on the Pacific Coast and in Alaska waters, conditions approach this ideal during most 
of the year. (See fig. 130.) 

From a nondirective source of sound in an elastic medium, waves are radiated in 
all directions. From the source to the point of reception in a bounded medium a sound 
wave may travel an almost unlimited number of paths. There may be a direct path, 
a refracted path, and a multitude of reflected paths. In practice it will be found that 

all three of these types of paths apply to subaqueous sound ranging in varying degrees, 

depending on the distance and the condition of the medium. Within a certain range 
the sound that travels along the direct path (without reflection from the boundaries) 

will be the first to reach the receiving apparatus, but at a greater distance, where an 
unreflected wave cannot reach the point of reception, sounds that have been refracted 

and reflected will be the only ones to arrive. The sound wave that arrives first with 
sufficient intensity to be detected is, of course, the one that is used in subaqueous sound 
ranging—any sounds arriving later only serve to prolong the received signal. In 
6221 and 6222 which follow, the propagation by various paths is considered. 

6221. Reflection of Sound 

The long-distance transmission of sound in water is greatly assisted by reflections. 
Subaqueous sounds, after having been reflected a number of times, are known to have 

retained sufficient energy to be recorded at a distance of 400 nautical miles from the 
source by instruments of only ordinary sensitivity. And a sound wave generated by 
an electromagnetic oscillator to measure the depth in about 200 fathoms of water has 
retained sufficient energy to be heard in headphones after having been reflected 23 times 

alternately from the bottom and the surface. The excellent transmission of sound in 
water is due, not only to the fact that water is a relatively good medium for the prop- 
agation of sound waves, but also to the relatively good reflecting surfaces formed by 
the water surface and bottom. The boundary between air and water, when the latter 
is smooth, is a good reflecting surface for sound waves; likewise the boundary between 
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the water and bottom, where composed of certain materials, offers a surface from which 
most of the energy of the sound wave will be reflected. 

The laws governing the reflection of a sound wave in water are the same as the laws 
that govern reflections in any other medium. When a sound wave meets a reflecting 
surface its direction of propagation is changed. For example in A, figure 122, the 
incident ray of the sound wave meets the reflecting surface at a and is reflected in the 
direction of the dash line. The direction after reflection depends on the angle of inci- 
dence 7 between the incident path and the normal an to the reflecting surface. The 
path of the reflected wave will always be inclined to this normal at an angle of reflection 
r, which is always equal to the angle of incidence. 

Each point in the sound wave W from a source S (see B in fig. 122) will be re- 
flected from the reflecting surface as the wave advances. As successive points between 
a, and 6; in the incident wave W reach the reflecting surface between points a and b, 
the direction of propagation of the wave will be changed, and the reflected wave WR 
may be considered to be the resultant of a number of hemispheric wavelets between 

——-----—= 
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\ 

FIGURE 122.—Sound reflected from a rigid surface—A. Change of direction of path. B. Wave front retained after reflection. 

dz and be, whose sources lie on the reflecting surface between a and b. This is known as 

Huygens’ construction for reflected waves. 
The source of the reflected wave may be considered to be at point S’, the acoustic 

image of the source, symmetrically located on the opposite side of the reflecting surface 
with reference to the source. By considering the reflected wave to be propagated 
from the image source, the phenomenon of reflection may be more readily visualized. 
Where reflection is due to a medium of greater radiation resistance the source and its 
image are to be considered as in phase, but where reflection is due to a medium of 
lesser radiation resistance the converse is true. Radiation resistance is the product 

of the density of the medium and the velocity of sound in the medium. The radiation 
resistance, or acoustic resistance, of air is less than that of water, and that of water is 

less than that of the ocean bottom. 
Where a sound wave is reflected from a surface, a change of phase of pressure or 

a change of phase of particle velocity occurs. Assuming a sound source in water, if 
the reflecting surface is that of a denser medium, as at the bottom boundary, the 

change will be in the phase of particle velocity; but if the reflecting surface is that of 
a less dense medium, as it is between water and air, the change which occurs will be 
in the phase of pressure. In each case there will be a phase reversal. 

The relative amount of acoustic energy that will be reflected where a sound wave 

meets the bounding surface of a second medium, is a function of the angle of incidence 
and tbe radiation resistance of the two media. This function is such that, in the case 

465382—44 ied 
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of any two given media, for different angles of incidence different relative amounts 
of energy will be reflected, with one exception. The exception to this is found in the 
specific instance of a source located in the medium of lesser sound velocity and where 
the angle of incidence is equal to or greater than the critical angle. In this case total 
reflection will take place. The critical angle of incidence of a sound wave is defined 
as the angle, measured from the normal to the interface or bounding surface, whose 
sine is equal to the ratio of velocity in the medium containing the source to the velocity 
in the reflecting material, or medium. 

Therefore where the reflecting medium is air and the transmitting medium is 
water there is no critical angle because in this case the ratio of velocities is greater than 
unity. But where reflections from the ocean bottom are considered there will be a 
critical angle. Where the angle of incidence is equal to or greater than this critical 
value there will be total reflection, and where the incident angle is less than this critical 
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FIGURE 123.—Multiple reflections in a bounded medium. 

value the reflection will be only partial. The critical angle of reflection from a bottom 

of solid rock is about 17° but for other materials it may be as large as 70°. 
Hence in subaqueous sound ranging the critical angle will be approached only where 

the horizontal distance between the source and the point of reception is less than six 
times the depth of water (assuming the ocean bottom as flat and a critical angle of 70°) 
and, therefore, total reflection from the bottom will occur at this and greater distances. 

Furthermore, although theoretically total reflection will never occur at any angle at the 
surface of the water, practically the amount of energy that is transmitted into the air 
will be negligible due to the great disparity in the two radiation resistances. Thus in 
practice total reflection may be assumed at both surfaces in nearly every case. 

From the source to a point of reception, sound may be considered theoretically 
to travel along a number of reflected paths, one series which is first reflected from the 
surface, and another series which is first reflected from the bottom, as in figure 123, 
where, for clarity, only four of the paths reflected from each of the surfaces are illus- 
trated. 

The first reflected sound that reaches the point of reception, where the source and 
the point of reception are near the surface of the water, will have been reflected from 
the surface at the point v, while the first sound reflected from the bottom to reach the 

point of reception will be from point e. The second surface-reflected ray to be received 
is reflected from the surface at point ¢ and from the bottom at point f, while the second 
bottom-reflected ray is reflected from the bottom at point d and from the surface at 
point z. With a greater number of reflections the points of first reflections from the 

surface and the bottom will be closer to the source. 
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For subaqueous sound ranging in very shoal water, where the ratio of the horizontal 

distance to depth is 200 to 1, or greater, the actual lengths of the sound paths, where 

few reflections are involved, differ very little from the respective horizontal distances. 
Figure 123 is deceptive in this respect because the vertical scale is greatly enlarged and 
does not show the true relation of depth to distance that exists in practice. In a depth 
of 50 fathoms for a distance of 10 nautical miles, the path of a sound wave that has 

been reflected 12 times is only 33 meters longer than the horizontal distance. For a 
greater depth and longer distance, the difference will, of course, be larger—for example, 
where the depth is 1,000 fathoms and the distance is 50 miles, the theoretical difference 

between the path of a sound wave reflected 12 times and the true horizontal distance 
is 2,550 meters. 

6222. Refraction of Sound 

Any change which may occur in the direction of propagation of a sound wave is 
obviously of primary importance in subaqueous sound ranging. A change of sufficient 

magnitude in the direction makes the simple laws of reflection inapplicable, for if the 

direction of propagation is changed sufficiently in a vertical plane toward the point of 

reception, the number of reflections is altered, thus increasing or decreasing the length 
of the reflected path. Unfortunately such a change in the direction of propagation of 
sound does take place in all water media. This is known as refraction. Refraction of 

sound makes any analytical study of the propagation of sound more difficult. Also it is 

doubtless responsible for many of the difficulties that are experienced in subaqueous 
sound ranging and hence a thorough understanding of its laws is necessary. 

The change in direction of a sound wave caused by refraction is shown in figure 
124. Where any part, as a, of the incident wave W’, in the first medium encounters 

the boundary between media at point a, it will be refracted from this point as a second- 
ary source, or origin, at a different velocity. Succeeding points in the incident wave 
will be refracted later at corresponding points along the boundary until the entire 
wave penetrates the boundary and the refracted wave W2is formed. Itis evident from 
the figure that the wave in the second medium will travel at a different angle owing to 

the fact that the velocity in this medium is different. All the energy is transmitted 
through the boundary only when the acoustic resistances of the two media are equal 
and the angle of incidence is normal to the boundary. Where the acoustic resistances 
of the two media are different, a varying amount of the energy will be reflected de- 

pending on the difference in acoustic resistances and the angle of incidence. Where the 
angle of incidence is greater than the critical angle, regardless of the relation of the 

acoustic resistances, no transmission into the second medium takes place, and all of the 
incident energy at this angle and greater is reflected (see 6221). 

Refraction occurs wherever a sound wave encounters either a boundary between 
media in which the velocities of sound are different, or in a medium in which the velocity 
of sound is continuously changing. If a sound wave in transmission encounters a 
boundary between media in which the velocities of sound differ, the direction of propa- 

gation will be changed. If the velocity of sound in the first medium is greater thanit 
is in the second medium the direction of propagation will be changed away from the 
boundary between the media, as in figure 124, but if conditions are reversed and the 

velocity in the first medium is less than in the second, the change in the direction of 

propagation will be toward the boundary. The angular change in the direction of 
propagation may be found from the formula given with figure 124, in which 7, is the 

angle of incidence in the first medium and 7, is the angle of refraction in the second 
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medium, and 7; and v2 are the values of the velocity of sound in the first and second 

medium, respectively. 
As explained in 6221, when a sound wave in water encounters the surface boundary, 

only a very small percentage of the incident energy is transmitted through the boundary 
into the air. This is because the difference between the acoustic resistances of air and 
water is very large—the ratio being 1:3,750. Even at normal incidence only about 0.12 

percent of the incident energy will be trans- 
mitted into the atmosphere. This fact is 
substantiated in subaqueous sound ranging, 

Sin i= V2 Sin i, for bomb explosions below the surface cannot 
be heard on board ship, but vibrations from 
the explosions are transmitted through the 
water and can be felt through the hull of the 
ship. This also accounts for the fact that 

Velocity =V. yw, the sound of the propeller of a ship is not 
heard above the surface. 

There is generally no transmission through 
the bottom boundary at the angle of incidence 
of a sound wave that is normally encountered 
in subaqueous sound ranging. Normally the 
angle of incidence is greater than the critical 

angle and hence total reflection occurs. The change in the direction of propagation 
caused by refraction due to the pressure gradient, as explained below, increases the angle 
of incidence of the effective path slightly. 

In an ideal water medium the velocity of sound would increase linearly from surface 
to bottom because of the linear increase in hydrostatic pressure. This is sufficient to 
increase the velocity 1 meter per second for every 30 fathoms increase in depth. This 

constant increase in velocity causes the sound wave to be refracted in the arc of a circle, 

concave upward. The maximum distance that a refracted sound wave can travel 

without reflection in a fluid medium of uniform temperature, is determined by the 
refracted path that is tangent to the bottom. This is also the shortest path, for any 
other part of the sound wave will be reflected from either the surface or the bottom 
between the same source and point of reception, and hence in either case will have 

traveled a greater distance, arriving later than the part that followed the tangentially 

refracted path. 
Therefore, for distances shorter than the limit determined by the tangentially 

refracted ray, the first sound to arrive will not have been reflected at all; but for distances 

beyond this limit, the refracted sound which is reflected one or more times from the 
upper surface only will precede all others. i 

However, at a considerable distance from the source, unreflected sounds and 
sounds which are reflected only from the water surface, will be of reduced intensity 
due to the interference phenomenon (6223). Because of this, and because in practice 

the sensitivity of the receiving system is necessarily limited by the background noises, 
the first sound to be detected may not be that which actually arrives first. 

Velocity=V, 

FIGURE 124.—Total refraction of a sound wave. 

6223. Interference of Sound 

Although a single source of sound is used in subaqueous sound ranging, reflections 
from the surface and bottom cause propagations in the medium in various directions 
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_ from image sources as explained in 6221. These reflected paths, which are reversed 
in either phase of pressure or phase of particle velocity according to the character and 
number of reflecting surfaces they encounter, cross the direct path and each other in 

the medium, and at their points of intersection the pressure or particle velocity is 
either reinforced or neutralized by an amount depending on the phase relationship of 
the waves. This has already been mentioned briefly in 6221, but because of its impor- 
tance in subaqueous sound ranging a fuller discussion of the effect is desirable. 

If two waves of the same amplitude and wave length arrive from different directions 
and meet in condensation, the amplitude at this point will be increased, but if they 
intersect when one is in condensation and the other in rarefaction they will tend to 
neutralize at this point. In neither case will there be energy transfer or loss, however, 

and each wave will emerge in its original direction of propagation and with its original 
amplitude. In a water medium with a nondirective source of sound, there will be a 
number of zones of reinforcement and neutralization of both pressure and particle 
velocity, which are complicated by refraction. 

The most important zone of interference occurs between the sound that travels 
directly from the source to the point of reception, and the sound that is reflected once 
from the surface of the water. This surface-reflected sound is reversed in phase and 
thus, at a distance from the source where the lengths of the direct and reflected paths 
are nearly equal, the pressure and particle velocity are nearly canceled. This effect 
limits the range of both the unreflected and the surface-reflected sound, and is the 
reason why, in actual practice in subaqueous sound ranging, the maximum distance 

at which the unreflected sound is effective does not exceed 7 to 10 miles. 

6224. Reduction of Sound Energy 

As sound passes through a medium, its intensity decreases as the distance from the 
source increases. This decrease in energy in a homogeneous medium, as discussed in 

622, may be attributed to absorption, reflection, refraction, diffraction, interference, 

and spreading. 
Absorption is the conversion of sound energy to other forms of energy because of 

the presence of foreign matter in suspension in the medium, turbulence and viscosity 
of the medium, and thermal conductivity of the medium. Attenuation caused by 
viscosity may be considered as a loss of energy due to the resistance offered by the 
medium to the passage of sound. In a water medium and at the frequencies effective 
in subaqueous sound ranging, viscosity losses are very small in comparison with other 
losses. Thermal conductivity of the medium allows the conduction of heat from the 
condensed points of the wave, which are at a higher temperature than the surrounding 

medium. These losses are very small in water, being even less than those caused by 
viscosity. . 

When the sound wave encounters the reflecting boundaries of a body of water, 
some of the sound energy will penetrate into the media above and below and thus be 
lost from the water medium. The transmission of energy through the surface bound- 
ary into the air above is very slight, as stated in 6222. And transmission through the 
bottom boundary takes place only when the angle of incidence is less than the critical 
angle. The amount of energy penetrating the lower medium is a function of the 
angle of incidence and the acoustic resistances of the water and bottom material. 

In a homogeneous medium, ignoring absorption, the intensity of sound from a point 
source varies inversely with the square of the distance from the source. Sound emitted 
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from a point source will therefore travel with equal intensity in all directions in a homo- 
geneous medium. The wave front is a spherical surface of continuously increasing 
area, in which the intensity of the sound varies inversely with the increase in surface 

area of the sphere. This diminution of energy per unit of area of wave front is said to 
be due to spreading. In a bounded medium a sound wave will not travel far before its 
spherical wave front encounters the boundaries of the medium and is reflected, or be- 
fore the direction of propagation is changed by refraction. However, even after reflec- 
tion and refraction the intensity still varies inversely with the square of the distance 
of travel from the assumed point source. 

623. FROPAGATION IN A HETEROGENEOUS WATER MEDIUM 

The propagation of sound in an ideal medium with uniform physical characteristics 
as discussed in 622, is sometimes encountered in subaqueous sound ranging but, un- 

fortunately, the medium is usually heterogeneous in most ocean areas, with some of the 
physical characteristics of the water medium varying in the distances through which 
sound must be transmitted. In such a water medium with constantly changing 
physical characteristics, the propagation of sound is indeed complicated. 

In a water medium with a heterogeneous temperature condition, such that the 

temperature varies from place to place and from surface to bottom, the velocity of 

sound will be similarly nonuniform (see 632 and table 32 in 9611). This variation of 
velocity with temperature causes the path of the refracted sound wave to be different 

from the path in a homogeneous medium, adding greater complexity to the nature of 
propagation. The attenuation of sound due to viscosity differs only slightly, however, 
at different temperatures—it is slightly less at a high temperature than at a low tem- 

perature because warm water is slightly less viscous than colder water. 

Moreover, a variation of salinity in the water medium, either from place to place 
or at different depths, causes a slight change in the velocity. With an increase in sa- 
linity of 1 part in 1,000 parts of water, by weight, the velocity increases only 1.3 meters 

per second on the average, the increase varying slightly with the average temperature 
of the medium. Normally this change in velocity is so small that it causes only a slight 
refraction of sound as compared to the refraction caused by the change in velocity due 
to temperature. (See 63.) An increase in salinity increases the density of a water 

medium and because of the increased density and the consequent increase in velocity 
due to density, there is a very slight decrease in attenuation. 

All sea water contains some suspended materials, but only where large rivers dis- 
charge into the sea is the amount of suspended material enough to affect the velocity 
of sound, and then only slightly. But the attenuation factor is increased in propor- 

tion to the amount of foreign matter in suspension. 
Most sea water contains various proportions of dissolved gases caused by aeration 

and the photosynthesis of marine organisms. Gas, if present in suspension in sufficient 

quantity, reduces the normal velocity of sound by a large amount. It has been stated 
that if the proportion is only 1 part in 10,000 parts of water by volume the velocity will 
be reduced 40 percent. This reduction of velocity will cause greatly increased refrac- 
tion of sound and will also cause reflections within the medium. In addition, aeration 

causes increased attenuation because of conversion of acoustic energy into heat and 

because of diffuse reflection and refraction. 
Small variations in the average depth of water apparently have very little effect 

on the propagation of sound, but if the source of sound is located in deep water and the 



Pace 567 RADIO ACOUSTIC RANGING 6231 

point of reception in shoal water, or vice versa, the propagation is complicated. Shoal 
areas and irregular bottom relief are the causes of regions of sound shadows, thus adding 
to the difficulties of Radio Acoustic Ranging. 

Where the surface of the water is turbulent, reflections from this boundary will be 
diffuse and scattered, resulting in a limited range of transmission. The character of 
the bottom material also has a pronounced effect on the reflection losses at this bound- 

ary for, if the velocity of sound in the bottom material is nearly equal to the velocity 
of sound in water, part of the energy of the sound wave will be refracted into the 
bottom. 

It is apparent that the propagation of sound in a heterogeneous medium is compli- 
cated by many factors, each of which may be different for each distance measured in 
subaqueous sound ranging. Some of these factors vary diurnally, seasonally, and 
regionally. Because of these complications the text of 6231 to 6233 is mainly restricted 
to typical conditions likely to be encountered in the various seasons and localities where 
subaqueous sound ranging is used by the Coast and Geodetic Survey. 

6231. Reflection of Sound 

Reflection and refraction are equally important in the propagation of sound through 
sea water. Except for comparatively short distances, where the transmitted sound is 

affected by refraction only, propagation is by a combination of refraction and reflec- 
tions. Refraction affects the length and direction of the sound paths in the medium, 

while reflection causes an abrupt change of direction at the boundaries of the medium. 
First, consider the case of shoal water with the velocity of sound decreasing from 

surface to bottom in a fairly regular gradient. Except for very short distances from 

the sound source, the sound arriving at the point of reception will be by way of a num- 
ber of reflections from the bottom and surface. The path between each reflection 
point will be concave downward because of refraction. (See 6232.) The steeper the 
velocity gradient the greater will be the curvature due to refraction between reflections. 
For the accuracy required in R.A.R., refraction between points of reflection cannot be 
ignored. In other words, in computations of distance it cannot be assumed that the 
path of sound is composed of a number of straight lines between reflection points. And, 
the greater the refraction, the greater the number of reflections required for sound prop- 
gation over great distances. These conditions of refraction and reflection in depths less 

than about 50 fathoms are common in waters along the Atlantic Coast and in the 
Gulf of Mexico. Where the velocity gradient is not uniform the shape of the refracted 
path must be modified as explained in 6232. This consequently changes the number 
of reflections a sound wave will undergo in traveling a given distance. 

In general, a sound wave will undergo fewer reflections in traveling a given distance 
in deep water than in shoal water. This, in part, accounts for the greater distance 
ranges possible in deep water since less sound energy will be lost because of fewer reflec- 
tions. Refraction in deep water is mainly due to the influence of hydrostatic pressure, 
since the change in velocity due to temperature ceases to be appreciable below about 200 

fathoms. This condition exists in deep water off the Atlantic Coast and in the Gulf 
of Mexico and is the usual condition found along the Pacific Coast and in Alaska 

waters. (See fig. 130.) 
The slope of the bottom reflecting surface plays an important part in determining 

the number of reflections between the source and point of reception. If the source of 
sound is where the water is deep and the point of reception is in shoal water, assuming a 
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bottom of uniform slope, a greater number of reflections will be required than in the 
case of a uniform depth equal to the average depth at these two points; if the source 
and point of reception were interchanged, fewer reflections would occur. Where the 
bottom slope is comparatively steep and the source of sound is where the water is 
deep, the sound may never reach a distant point of reception up the slope. For each 
successive bottom reflection the angle of incidence is decreased by an amount equal 
to the angle the bottom slope makes with the horizontal. After a number of surface 
and bottom reflections have taken place the path of sound may reach normal incidence, 
and on succeeding reflections may actually reverse its horizontal direction of propagation 
and return toward the source. Furthermore, before normal incidence is reached by 
successive reflections, the angle of incidence becomes less than the critical value, and 
appreciable transmission of energy into the bottom may take place in successively 
greater amounts, resulting in great attenuation of sound energy, particularly in the 
case of an extended gradual slope. This condition is even more aggravated in shoal 
water where more reflections will take place in a given distance than will in deep water. 

This partly explains the difficulty in sound transmission over shoals, and from deep 
water on the Continental Slope to shoal water on the Shelf. 

Little of a practical quantitative nature is known about the influence of the bottom 
configuration and material on the reflection of sound. What is known has been de- 
duced principally from observations made while surveying by R.A.R. Even these 
results are obscured by other influences on sound transmission to an extent which makes 
it difficult to interpret the degree of influence which the bottom configuration and 

material have. However, certain facts have been fairly well established from years of 
observation. Where the bottom is smooth the material has little influence on sound 
transmission, as used for purposes of distance measurement. This implies that the 
angle of incidence, in practice, is nearly always equal to, or greater than, the critical 
angle (see 6221 and 6222). Where the bottom is irregular the distance at which sub- 
aqueous sound ranging is effective is very much reduced from what could normally be 
expected with smooth regular bottom. Sound reflected from such a bottom is scat- 
tered in many directions and the amount of sound energy which travels in a general 
radial direction from the source is very much reduced with each reflection. Such 
irregular bottom surfaces are common off the Pacific Coast, in the waters surrounding 
Alaska, and along the edges of the Atlantic Continental Shelf. 

In general, reflections from the water surface are more definite than bottom reflec- 

tions. The reflection coefficient between water and air is constant, the only variable 
being the degree of roughness of the water surface. Except when the water surface is 
extremely disturbed, there is little effect on the reflection of sounds produced by sub- 

aqueous explosions. This is because of the predominant low-frequency fundamental 
component of the subaqueous explosion. The wave length of this low-frequency 
fundamental component is long as compared to the size of the irregularities of the 
water surface (see 621). 

6232. Refraction of Sound 

In a heterogeneous aqueous medium the propagation of a sound wave is influenced 
principally by the temperature distribution within the medium and, to a lesser extent, 

by changes in salinity and other physical characteristics which cause a change in ve- 
locity. Where velocity varies with depth in the medium, refraction takes place and the 
path of the sound wave is altered from normal linear propagation. Due to this fact, 
the maximum effective distance in subaqueous sound ranging is reduced, because of 
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the increased number of reflections. Because temperature is the predominant character- 

istic determining the velocity, it is also the principal factor in determining the amount 
of refraction. 

Thus, if the temperature gradient from surface to bottom is linear and the tempera- 
ture near the surface is appreciably warmer, the sound is refracted so that its path is 
concave downward. The path marked A in figure 125 illustrates this condition. The 
amount of curvature of the path due to refraction depends on the velocity gradient 
in the medium—the steeper the velocity gradient the greater the curvature of the path. 
Similarly the length of the longest unreflected path is determined by the magnitude 
of the velocity gradient and the depth. The sound that arrives first at a point of recep- 
tion at a greater distance than this maximum range of an unreflected sound, arrives 
only after one or more reflections from the bottom boundary, depending on the distance. 

Where the temperature at the surface is appreciably lower than the temperature 
at the bottom and the temperature gradient from surface to bottom is linear, a sound 

will be refracted so that its path forms a circular arc which is concave upward as illus- 

trated by the path marked B in figure 125. - This is the same type of refraction that 
results in an ideal fluid medium when the change in velocity is due to pressue alone 
(see 6222), but in this case the range of sound before reflection from the surface is 

reduced because the refraction due to the two causes is additive. The length of the 

FIGURE 125.—Transmission of sound over great distances. 

unreflected path is short where the vertical change in velocity is great and the depths 
are shoal, and it is long where the vertical change in velocity is slight and the depths 
are great. The first sound wave to reach a point of reception beyond therange of the direct 
path, will be reflected one or more times from the surface, depending on the distance. 

In a medium having a temperature distribution from surface to bottom such that 

the velocity is linearly reduced by an amount just sufficient to neutralize the increase 
in velocity due to increased pressure, the velocity will be uniform throughout. Such 

a medium would be ideal for the transmission of sound and a maximum range of the 

direct unreflected path would be obtained. The range of the direct path would be 
limited, then, only by the curvature of the earth, and in the same way that the distance 
of visibility of objects at sea is limited. The maximum distance of unreflected propaga- 

tion would be obtained where the linear path is tangent to the bottom, as illustrated 
by the path marked C in figure 125. In this ideal case, with the source at S, the sound 
would be propagated linearly to any point in the volume bounded by the surface and 

the tangent plane represented by the line from ¢ to d._ The formula, 

R=1.15 (¥D—d+yD—d’) 
may be used to compute the maximum range RF (in nautical miles) of the direct path, 

given the depths (in feet) of the water D, of the source d, and of the point of reception d’. 
The maximum range of this direct linear path may also be obtained from Table 8 

the American Practical ‘Navigator (Bowditch). The required distance is the sum of 
465382—44—_-38 
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two values from the table—the nautical miles for heights corresponding to D-d and 

D-d’, assuming a uniform depth of water throughout the range. It should be noted 
that the distance along the direct linear path will be slightly shorter than the distance 
measured on the earth’s surface, but for such distances as are involved in subaqueous 
sound ranging this difference is quite small and may be ignored. 

However, it should be noted further that this ideal case of uniform velocity will 
never be approached closely enough in practice to warrant consideration of this maxi- 
mum range of unreflected linear propagation from any other point of view than that of 
illustration. Moreover, interference (see 6223) will reduce the intensity of a direct, 

linearly propagated sound to such an extent that it could not be detected at such a 
ereat distance from the source, in practice. 

If a graph is made by plotting velocity with reference to depth, for use in sub- 

aqueous sound ranging, the shapes of the curves for most regions of the ocean will be 
quite similar. In general, the velocity will be relatively high at or near the surface and 
will decrease with depth to about 200 or 300 fathoms where the velocity will start to 
increase due to pressure and will continue to increase nearly linearly to the bottom. The 

relatively high velocity near the surface is due to atmospheric surface warming of the 
water. Sound originating from a 
point source near the surface in 
water with such a velocity gradi- 
ent, will follow a path which is 
concave downward until it reaches 

a depth corresponding to that 
where the velocity starts to in- 
crease, and below that depth the 

Sine abut Wc eae ei path of the wave is concave up- 

ward. If the vertical velocity 
gradient in a body of water is uni- 
form over a large area, the shape. 

of the path of sound will be sym- 
metrical with reference to the midpoint between the sound source and where it again 

reaches a depth equal to the source depth. If the velocity changes linearly with depth, 

but at different rates in different depth layers, the path of the sound wave will be com- 

posed of ares of circles of different radi, a different arc for each layer. The radius of 
curvature will be greater where the change of velocity with depth is small, and the radius 

will be smaller where the change in velocity with depth is large. In other words, the 
path of sound will bend only slightly through layers where the change in velocity is small 

per unit of depth, but will bend more where the change in velocity per unit of depth is 

large. 
The velocity-depth curve is not always as simple as that described above. In 

certain regions subsurface layers of warm water will cause a change of sign of the velocity 
gradient. In figure 126, a case is illustrated where the velocity decreases from the sur- 
face to a depth where it increases because of a subsurface layer of warm water. Below 
this layer, the velocity again decreases until depths are reached where the velocity 
starts to increase due to pressure. On the right side of figure 126, is shown the path 
of the refracted sound through each layer for a given angle of emergence of the sound. 

(Angle of emergence and initial angle are used herein interchangeably referring to the 

direction of the sound wave as it leaves its source.) 

VELOCITY 

DEPTH 

FIGURE 126.—Path of sound through water of nonuniform velocity. 
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From a point source, the sound energy travels away in all directions at equal 
intensity. The sound wave can therefore enter these layers, where the velocity gradient 

" differs, at a multitude of angles. The incident angle is the angle between the sound 
path and the normal to the 
layer boundary. The curva- 
ture of the sound path in each 
layer will be the same for each 

angle but the lengths of the 
ares between the layer bound- 

aries will be different. Where 
the sound enters a layer at a 
large incident angle, the length 
of the are in the layer will be 
longer than where this angle is 
small. For each angle of propa- | 
gation from the source, assum- | é Ye | Sty Bee 

| sin ia= p> sin i, 

pte Sole I 
ing an infinite depth of water 
and no loss of energy, the sound at UE ee aoe 
will be refracted back to the aS | eae | 
water surface, except for the 
ray of sound propagated ver- ig 
tically downward. Tn such a FIGURE 127.—Path of sound Tate ela with uniform velocity decrease 

hypothetical case, that part 
of the energy propagated most nearly downward, without being precisely vertical, will 
travel the longest horizontal distance before striking the surface of the water. 

The path of refracted sound through the water for any shape of velocity-depth 
curve, can be predicted by making certain allowable assumptions. Where the velocity 
as a function of depth is known, it can be plotted as in figure 126. For the purpose, it 

is assumed that the velocity-depth curve is the same throughout the region to be 
considered. This curve is 

AS then divided into segments, 

vA . each of which can be repre- 
Ya Vane? ot sented as a straight line 

7 Se whose slope is the average 
is Seely slope of that segment of the 

~'  eurve. Theoretically an in- 
F hp =v Sinin uy ea finite number of straight lines 
25 ‘ete ~~» of infinitesimal length would 

oe # Es | have to be used. However, 
“it has been found that a fair 

L. 2p’ = Sis! -| degree of accuracy can be 

FIGURE 128.—Path of sound caused by a velocity increasing uniformly with depth obtained by z dividing the 
sufficient to refract the sound wave back toward the surface. curve into a limited number 

of straight limes depending 
on the character of the curve. At least five lines should be used for a curve having an 
irregular shape, but for a curve of regular shape a lesser number may suffice. The ends 
of one of these lines projected horizontally onto the ordinate scale of the curve give the 

R’=r cos i2 

Vi 

V2 
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upper and lower depths of the layer through which linear velocity change per unit of 
depth is assumed. The projection of the line on the abscissa scale of the curve gives the 
range of velocity throughout this depth. With these data the lengths of the are paths 

and the total horizontal distance can be computed. The earth’s curvature is neglected 
for the distances involved. A number of angles of emergence of sound are assumed 
and the refracted paths are computed through each layer. All the are distances are 
summed and the projections of the arcs on the horizontal are likewise summed for each 
initial angle assumed. Each angle will give a different total horizontal distance and are 
length. 

The formulas for making these computations through a single layer are given with 
figure 127. The values required are R, the horizontal component of travel, and a, the 
length of arc traversed by the sound. The radius of curvature of the sound path through 
any layer is equal to the initial velocity v; divided by the product of the velocity gradi- 
ent within the layer and the sine of the incident angle. The angle 7; is the incident 
angle of the sound ray on entering the layer and from this the angle at which the sound 
leaves the layer may be found from the formula: 

bi ac ay Ue ° 
t= SID Se EON WR On 

This is all that is necessary to calculate the horizontal distance R and the are distance 
a by the method indicated in figure 127. If 2 is less than v, the same method is used 
except that the center of radius of curvature will lie above the layer. 

Where the sound path does not penetrate through the layer, the method of comput- 
ing the distances is shown in figure 128. This illustrates a result commonly found in 
deep water, where the refraction due to increasing velocity caused by the increase in 
hydrostatic pressure with depth, reverses the direction of propagation back toward 

the surface (see 6222). The total horizontal distance and the total distance along the 

curved path traversed by the sound are found, if the depth of water can be assumed to 
be composed of layers, by adding the distances for each layer through which the sound 
passes. 

6233. Reduction of Sound Energy 

As discussed in 621 and 6224, the reduced sound energy at the point of reception 
may be due to the following: spreading, absorption, reflection, refraction, diffusion, 
diffraction, and interference. 

From a nondirective source, sound is propagated in all directions. The sound 
intensity would decrease in proportion with the square of the distance from the source 
if there were no other form of energy reduction. This reduction due solely to distance 

is termed spreading and has been discussed in 6224. But it is known from observation 

that the sound intensity decreases much more rapidly than this. 
Absorption may account for part of the additional loss. The absorption due to 

viscosity and thermal conductivity is relatively small at the frequencies associated with 
R.A.R. (see 656). Most of the absorption that takes place is because of gases in the 

water. Gases in water may result from turbulent surface conditions or from the pres- 
ence of marine life. Gases are mostly found in the layers of water close to the surface. 
Where the water is shoal, however, this layer may be a large percentage of the total 

7 
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depth and may partly account for the rapid attenuation of sound in shoal water in 
contrast with deep water. The amount of absorption of this type is far from con- 
stant—the condition of the sea surface, the season of the year, and other factors 
affect the amount and depth of gas penetration. 

Reflection and refraction at the boundaries of the medium account for some loss 
of sound energy. As stated in 6222 and 6224, the sound energy leaving the water 
medium at the boundaries is quite small. A greater impedance to sound transmission, 
connected with reflection, is that due to the scattering of sound from the reflecting 
boundaries. This scattering reduces the sound energy traveling in the general direc- 

tion of the point of reception. Scattering is caused by irregularities of the bottom and 
surface boundary. This is called diffuse reflection. 

The influence of diffraction on subaqueous sound ranging is not fully known. It 
seems probable that some diffraction is caused by certain types of bottom and other 
factors, but it is believed that its effect is negligible. 

Experience has disclosed that sound will be attenuated less when traveling through 
water of a uniform temperature. Such a condition is approached in the waters off the 
Pacific Coast where the transmission of sound is excellent in contrast with that in waters 
off the Atlantic Coast during the summer. But during the winter the surface waters 
off the Atlantic Coast cool sufficiently to make the temperature more nearly uniform from 
surface to bottom and then sound is transmitted nearly as well as in the Pacific. Trans- 
mission of sound through water of nonuniform temperature will be subject to refraction 
of a complex character, which will lead to greater loss of effective sound energy due to 
diffuse reflection, absorption, and the creation of complex interference patterns. 

63. VELOCITY OF SOUND 

To determine a distance by the transmission of sound in any medium it is necessary 
not only to measure the travel time accurately but also to know the effective velocity 
at which the sound travels. For use in echo sounding and R.A.R., electromechanical 

instruments are available with which the travel time of sound may be measured very 
accurately, but methods of determining the velocity are less reliable. 

In echo sounding the sound wave passes vertically through the water from near 

the surface to the bottom and the determination of velocity is comparatively simple, 
for it is only necessary to calculate the mean velocity for the vertical column of water 
(see 561). 

For R.A.R., the effective horizontal velocity between the source and the point of 
reception is required, and to find this is more difficult because the sound wave is seldom 
propagated horizontally in a direct path, but generally follows a refracted and reflected 
path, as described in 6231 and 6232. For plotting purposes, the apparent horizontal 
velocity of sound is used (see 6343), and this can be determined experimentally by 

measuring the travel time of the sound wave between two points a known distance 
apart. In R.A.R. surveys, frequent measurements are made over suitable known 
distances throughout the project area to determine this apparent velocity. 

The apparent velocity is seldom used for echo sounding, however, principally 
because of the difficulty of measuring great depths directly with sufficient accuracy 

to determine it. Instead, the velocity is calculated from, or taken from, tables based 

on the physical characteristics of the water, which can be measured in situ. If the 
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temperature and salinity of the water at any depth are known, the velocity at that 
depth may be found from tables. Velocities so determined are extensively used in 
correcting echo soundings and are occasionally used in R.A.R. 

The velocity of sound in any medium may be found from Newton’s fundamental 
equation which is: 

Elasticity of the medium 
Density of the medium 

Velocity = 

In the case of an extended medium, the bulk modulus of elasticity is used. This modu- 
lus can be determined in a physical laboratory by measuring the change in volume pro- 

duced by known forces. The condensations and rarefactions in a sound wave take 
place so rapidly that there is little time for the heat developed in condensation, and 
the cooling in rarefaction, to be transferred to the surrounding medium. The change is 

not isothermal—it is adiabatic and involves the ratio of specific heat at constant pressure 
to the specific heat at constant volume. Hence the velocity equation must be modified 

to allow for this fact. 
The velocity of sound in sea water may be calculated from the temperature and 

salinity of the water and the hydrostatic pressure. An increase in temperature increases 
the elasticity but reduces the density; both of these changes increase the velocity, but 
the adiabatic correction is reduced. Salinity also affects both terms of the equation, 
an increase in salinity causing an increase in both the density and the elasticity, the 
net effect being an increase in the velocity. Hydrostatic pressure also increases both 
the elasticity and the density, and results in an increase in velocity. In addition to 
increasing with depth, hydrostatic pressure varies slightly with latitude because of 
the change in gravity. However, corrections for latitude may be safely ignored in 
R.A.R., since the maximum variation from the corrections given in table 34 is but 0.5 

meter per second for a depth of 5,000 fathoms. 
The velocity of sound increases with changes in the physical characteristics of the 

water by the following approximate percentages: 

(a) Each 1°C. increase in temperature causes an average increase in velocity of 0.2 percent. 

(b) Each 1.0 °/,, increase in salinity causes an average increase in velocity of 0.1 percent. 

(c) The increase in pressure for each 100 fathoms of depth increases the velocity 0.22 percent. 

Remembering that the velocity of sound in water is approximately 1,500 meters per 
second at temperature 14° C., salinity 35.0 °/,,, and surface atmospheric pressure, the 

above percentages may be used to compute approximate velocities for other values of 

temperature, salinity, and depth. 
Temperature is the most important physical characteristic of sea water affecting 

the velocity of sound (see 632). To compute the velocity accurately the vertical and 

horizontal distribution of temperature in the water medium must be known, so the 
temperatures must be measured in situ. The density must also be measured to find 

the salinity, although it has relatively less effect on the velocity. If the depth of water 

is known, the change in velocity due to pressure can be readily computed. 

An important fact to bear in mind is that the velocity of sound is greatly affected 

by the presence of suspended particles, not in solution. Sea water always contains 

such suspended matter, although in the open ocean it is encountered in such minute 

quantities it may be ignored. At some places along the coast, particularly near the 

mouths of large rivers, it is present in appreciable amounts, but its effect on the velocity 

of sound is practically indeterminable, except by experimental tests. 



Pace 575 RADIO ACOUSTIC RANGING 631 

631. PracticaL Use or VELOocITY OF SOUND 

The computation of velocity corrections for echo sounding and of distances in 
R.A.R. surveys are impossible unless the velocity of sound at the time of such surveys 
is known with reasonable accuracy. In most water areas the velocity is variable from 
surface to bottom and, principally because of the seasonal variation in wateretempera- 
ture and salinity, the velocity varies seasonally. The temperature and salinity of the 
water must be measured at various depths at well-distributed points in the project area 
and at frequent intervals, so that average values of the velocity of sound may be deter- 
mined with sufficient accuracy. 

6311. Velocity Corrections to Echo Soundings 

Because of the theoretically linear relationship which exists between the travel 
time required for an acoustic wave to travel between two points and the distance 
between them, echo-sounding instruments may be calibrated in units of depth. These 
instruments are described in chapter 5. In most instruments, the motion of the depth- 
registering device is regulated to give correct measurement for an assumed velocity of 
sound in water, known as the calibration velocity. If the actual velocity at any time 
differs from the calibration velocity, the registered depths must be corrected to what 

they would have been on an instrument calibrated for this actual velocity. This 
correction is known as the velocity correction, its magnitude varying with depth as well 
as with the divergence of the actual velocity from the calibration velocity. A velocity 
correction is based on the mean of all the velocities from the surface to the bottom for 
that depth. In order to determine these mean velocities, the instantaneous velocity 

in each of the depth layers to the greatest depths and in all parts of the project area 
must be known. (See also 561.) 

6312. Use in Radio Acoustic Ranging 

A knowledge of the velocity of sound is required in R.A.R. surveys in order to 
reduce the time intervals to linear distances. Sound is rarely propagated in a straight 
horizontal line through sea water—under the physical conditions usually prevailing 
it is refracted and reflected through a longer path so that the actual elapsed time is 

longer than it would be if the path were a straight line. It is the apparent horizontal 
velocity thatis wanted in R.A.R., but the problem of determining it under all conditions 
from data easily observed is indeed complicated, if not impossible. Some method of 
reducing, to a horizontal basis, the measured times of sound travel along the refracted 
and reflected path is needed. 

6313. Accuracy of Velocity Determination 

For use in correcting echo soundings the velocity of sound must be known with 
sufficient accuracy to ensure that no sounding will be in error from this cause alone by 
as much as one-half percent of the depth. Therefore the mean velocity of sound must 
be known for each sounding with an error not greater than 7.5 meters per second = Of 
the three characteristics of sea water affecting the velocity of sound, temperature is the 
most variable, and to satisfy the above requirements the mean temperature of the 
vertical column of water at each sounding should be known within approximately 

2° C. The frequency with which serial temperature observations must be made to 
attain this accuracy is discussed in 6322. 
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For use in R.A.R. surveys the apparent horizontal velocity of sound (see 6343) 
should be known with sufficient accuracy so that no error in a plotted distance is intro- 
duced from this source in excess of 1.0 mm, regardless of scale. The accuracy with 
which the velocity must be known depends, therefore, on the scale of the survey and 

the maximum length of the R.A.R. distances: for example, to plot a distance equivalent 
to 20 seconds of travel time on a 1:80,000 scale survey sheet with this accuracy, the 
velocity must be known within 4 meters per second. Obviously it is impossible to 
specify accuracy requirements for all of the various cases for R.A.R., but generally 
the hydrographer should endeavor to determine the velocity of sound within 3 to 5 
meters per second. (See 6322 and 6852.) 

632. TEMPERATURE OF SEA WATER 

Of the physical characteristics of sea water, temperature affects the velocity of 
sound to the greatest degree, particularly in shoal water. A hydrographer using echo 
sounding or R.A.R. must know with considerable accuracy the vertical distribution 
of temperature from the surface to the bottom, and the seasonal change in temperature 

in a given area. Temperature distribution in sea water is best studied by means of 
eraphs. <A graph of observed temperatures at a given station plotted with reference 

to depth is known as a temperature curve (see 6321). The character of the temperature 

curve varies with latitude, and depth of water and ocean currents have a pronounced 
effect on it. 

Solar radiation is the principal agent affecting, either directly or indirectly, the 
temperature of sea water. Water has a high thermal capacity, consequently the water 

near the surface is at a maximum temperature following the hot season of the year and 
at a minimum temperature following the cold season. In the waters usually surveyed 
by the Coast and Geodetic Survey the summer maximum is generally reached in late 
September or early October, the winter minimum occurring in late February or early 
March. 

a. Thermocline——The temperature of the waters near the terrestrial poles is 

nearly uniform from surface to bottom, and there is very little seasonal variation. 
In lower latitudes, during the warmer months, the surface water is heated and there is 

generally a layer of warm water above the: colder water. A decrease of temperature 
is, therefore, to be expected in sea water as the depth increases. The surface heat is 

transferred downward by conduction, convection currents, and the stirring of the 
surface water by wind and waves. The thickness of this upper layer of warm water 
varies with locality, but it is generally less than 40 fathoms (see figs. 129 and 130). 
It has been called the epithalassa, the colder water below being known as the hypo- 
thalassa. Between the warm surface water and the colder water below, there is a 

layer in which the temperature changes rapidly with depth. Such a temperature 
gradient is known as a thermocline. Thermoclines are very important in subaqueous 
sound ranging, for when they are marked, as they generally are during the summer 
months, a sound wave is refracted rapidly downward. During the colder months the 

temperature gradient is much less marked. Hence, thermoclines have a great effect 
on the range at which subaqueous sound can be received, and on the apparent hori- 
zontal velocity. 

b. In open-ocean areas.—In the open ocean, to moderately high latitudes, there is 
generally a layer of water of variable depth, below approximately 75 fathoms, in which 
the temperature decreases rather rapidly with depth. At the bottom of this layer 
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the temperature approaches a minimum and becomes relatively constant, usually at 

a depth not greater than 400 fathoms. The temperatures in this layer are relatively 

stable and are generally only slightly affected by the seasonal variation in atmospheric 

temperature. This layer might be called the stationary thermocline. (See fig. 130.) 

Above the stationary thermocline the temperature is unstable throughout a layer 

whose thickness varies with latitude and other characteristics of the area. Its tem- 

perature varies rapidly with respect to depth, and in summer the seasonal thermal 

progression raises its temperature far above that of the stationary thermocline. It 

might be called a swmmer thermocline. The summer thermocline may extend from the 

surface downward to join the stationary thermocline, but it is unstable, because wind, 

surface waves, and changes in density cause mixing in the surface layers. This mixing 

has been observed to extend to a depth of 35 fathoms during a storm. Consequently, 

above the summer thermocline there is generally a layer of variable thickness in which 

the physical characteristics, excepting hydrostatic pressure, are nearly uniform. 

c. Coastal waters —The temperature conditions in waters on the Continental Shelf, 

or near land, are generally different from those found in the open ocean, for the tem- 

peratures throughout the entire depth of water generally experience a seasonal cycle 

and the stationary thermocline is seldom evident. Thesummer thermocline is generally 

more pronounced in shoal water than in the open ocean. Occasionally there is a layer 

of colder surface water that has been moved inshore from the open ocean by winds 

causing what is known as a temperature gradient reversal. Where such temperature 

reversals are experienced, R.A.R. is usually difficult in operation. 

In some localities and over offshore shoal areas, where there are strong currents 

and winds, the temperature curve is vertical (if plotted as shown in fig. 129) during 
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most of the year, and only during warm months with clear skies will the heat absorption 
be sufficient to form a summer thermocline. 

In high latitudes as winter approaches, the summer thermocline begins to dis- 
appear. The surface water begins‘to cool, and the consequent change in density causes 
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convection water currents, thus mixing it with the layer below. In the colder months 
there will often be a layer of cold water overlying a layer of warmer water, below which 
the temperature will gradually decrease with depth, also forming a temperature gradient 
reversal. 

d. Seasonal temperature distribution.—An annual cycle of the average monthly 
vertical distribution of temperature in Monterey Bay, California, to a depth of 55 
fathoms is shown in figure 129. The observations were made in 1933 at a station 

inshore, where the temperatures are much affected by wind currents. The cycle is 
not necessarily representative of offshore temperature curves. The lag in the tem- 
perature of the water with reference to the seasons is attributed partly to the fact 
that when the temperature of the water rises, evaporation tends to check the rapidity 
of the rise; and when it falls, condensation of water vapor in the layer of air overlying 
the surface checks the rapidity of the fall. 

e. Diurnal variation.—In addition to the seasonal change there is a diurnal 
variation in the temperature of the surface water. During the day the temperature 
of a very thin surface layer of water is increased a few degrees, depending on the latitude 
and the time of year. This may be called a diurnal thermocline. Unless the surface 
of the water is disturbed so that the heat is transferred downward, most of this heat 

is lost during the night. This diurnal variation in temperature has little appreciable 
effect on the velocity of sound and is generally disregarded. 

f. Temperature ranges in offshore areas.—The approximate extreme ranges of 

temperature in the offshore waters adjacent to continental United States and Alaska 
are shown in figure 130. The Alaska curves are from serial temperatures (see 6321) 

taken in the northern part of the Gulf of Alaska. The Pacific Ocean curves are for 

locations offshore in the approximate latitude of San Francisco and they probably 
represent average conditions for that locality. The curves for the Gulf of Mexico are 
from observations in the western part. They are very similar to the curves for the 
waters adjacent to the Hawaiian Islands. The curves for the Atlantic Ocean represent 
conditions off the Continental Shelf in the approximate latitude of Washington, D. C. 
The Atlantic Ocean curves are interesting; two of them represent the approximate 

extreme ranges and the third an extreme temperature gradient reversal. } 

6321. Temperature Observations 

The observations required to determine the vertical distribution of temperature 
and salinity with depth at any one place in the ocean are known as a serial temperature. 

The temperatures must be measured in situ, and water samples, from which salinities 
may be determined, must be trapped at various depths and brought to the surface 

uncontaminated by water from other depths. The temperature is measured and the 
water samples are obtained with special instruments designed for the purpose which 
are described in section 47. 

The maneuvers of the ship and the precautions to be observed while measuring a 
serial temperature are generally the same as those required while taking a wire sound- 
ing, as described in 3422. The oceanographic instruments used by the Coast and 

Geodetic Survey are designed to be clamped on a line larger in diameter than stranded 
sounding wire or piano wire, so a few fathoms of leadline must ‘be placed between 

the end of the sounding wire and the lead, to which they may be clamped. The water — 
specimen cup is clamped about 1 fathom above the top of the lead and the reversing 
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thermometer frame is clamped high enough above it so that the thermometer holder, 
when reversed, will not strike against the watercup. 

A sounding lead weighing about 35 pounds is generally used when serial tempera- 
tures are observed. The water specimen cup and the thermometer frame add a con- 

siderable weight, and the risk of overloading the wire must be avoided at all costs. 
Depending on the strength of the sounding wire, the power of the sounding machine, 
and economy of time in making the observations, a detachable weight with a Belknap- 
Sigsbee specimen cylinder (see 4665 and 4744) should be used in place of a lead in depths 

greater than 700 fathoms. 
Most serial temperatures observed by the Coast and Geodetic Survey are in depths 

less than 150 fathoms, so at least this much stranded sounding wire should be next to 
the lead on the sounding machine used for this purpose. The wire should be renewed 
at the first indication of appreciable wear to avoid unnecessary loss of instruments, 

equipment, and time. 
No thermometer shall be used for serial temperatures unless it has been standardized 

(see 4712). 

The temperature of the water near the surface may be measured with a reversing 
thermometer in a frame attached to a hand leadline which is used to pull the thermome- 
ter through the water until the frame reverses. 

The bottom temperature observation of a serial temperature should be made after 
the registering sheave has been set at zero with the bottom of the lead at the surface of 
the water. For intermediate depths the sheave should be set at zero with the reversing 
thermometer at the surface of the water. For each observation, the reading of the . 
sheave should be checked as the instruments emerge from the water. 

The sounding-machine operator should be trained to handle the machine properly. 
On the descent the machine must not be stopped suddenly and on the ascent it must not 
be started with a jerk, because either may part the wire. The operator should allow 

very little slack in the wire when the lead touches bottom. For temperature obser- 
vations at intermediate depths between the surface and the bottom the operator is 
sometimes unable to stop the machine at exactly the desired depth, with the result that 

the depth is greater than desired. Such errors must not be rectified by reeling in a few 
fathoms, because of the likelihood of reversing the thermometer. The sounding- 
machine operator must be instructed to read the actual depth of each observation from 

the sheave, irrespective of the desired depth. 
The officer-in-charge of the observations should see that the thermometer is kept 

at each depth long enough to register the correct temperature. The time required de- 
pends on the design of the thermometer but not more than 2 minutes is required for 

any type of reversing thermometer now in use. 
The various depths at which observations for a serial temperature should be made 

cannot be specified in advance for waters for which the character of the temperature 
curve is unknown. The aim should be to obtain a sufficient number of observations to 
define the curve accurately. In most localities more closely spaced observations are 

required in the upper layers where the greatest temperature variation occurs, than 

in deeper water where temperature conditions are more stable. 
For all serial temperatures, an observation shoula be made at 2 fathoms below the 

surface, which is the approximate depth of the oscillator and hydrophone on most 

survey ships. Where the character of the temperature curve is unknown, observations 
should be taken at approximately 10, 20, 30, 40, 50, 75, 100, 150, 200, 300, 500 fathoms 
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below the surface, and at the bottom in depths of 1,000 fathoms or less. For depths 
greater than 1,000 fathoms, the same observations should be made down to 500 fathoms, 
supplemented by an observation at each 1000-fathom level below the surface and an 
observation at the bottom. (See 6342.) 

Where there are temperature gradient reversals, additional observations may be 
required in the upper-100 fathoms to define the temperature curve accurately, but where 

the temperature changes are regular with reference to depth, fewer observations will 
often suffice. After the general character of the temperature curve in an area is known, 
depths for observations may be selected so that fewer observations are required. In 
many areas where the deep-water temperatures are stable, observations are necessary 
only in the layers near the surface. 

All the observations of a serial temperature should be taken at the same place, but 
this is frequently difficult in deep water, for the ship may drift a considerable distance 
in the 2 or 3 hours required for the observations. To approximate the same location, 
the time required for the observations should be reduced to a minimum so the drift 
of the ship will not be appreciable, or the vessel must be maintained at the same place 
by maneuvering. In a serial temperature observed with only one set of instruments 
where the depth is known by echo sounding, the temperatures in the variable upper 
layers should be observed first before the ship drifts away from the position. Where 
the depth is unknown, it is advisable to take the bottom observation first so those above 
it can be spaced to the best practicable advantage; after the bottom observation, the 
remaining observations should be from the surface downward. 

Within sight of an anchored buoy the ship may be maintained at approximately 
the same position by bearing and distance observations on the buoy. In the open 
ocean, beyond the visibility of any objects, approximately the same position may be 

maintained by knowing the general direction and velocity of the current and maneuver- 
ing the ship to maintain the same depth on the echo-sounding instrument. Maneuver- 
in the ship during a serial temperature is generally undesirable because of the excessive 
time required to place the ship in position for each observation. The best method is to 
effect a reduction of the total time required for the serial. 

The use of the bathythermograph (see 473) to record the variable temperatures 
in the upper layers of water will reduce the required time materially. For a hydro- 
graphic party not equipped with a-bathythermograph, other expedients may be used to 

reduce the time. Two reversing thermometers may be used on two sounding machines, 
one for the observations from the surface downward and the other for those from the 
bottom upward. This method reduces to about one-half the time required for a serial 
temperature, but more personnel are required and there is some risk of fouling the two 
sounding wires. Another method is to use a number of reversing thermometers attached 
at selected intervals on one sounding wire—a heavier sounding wire than ordinary 
stranded or piano wire must be used to ensure against possible loss of all the instru- 
ments through the parting of the wire. 

Surface water temperatures are generally not measured for use in echo sounding, 
but in the determination of velocity for R.A.R. they may be required. The surface 
temperature should be measured with a reversing thermometer as described above but, 
if this is not practicable, a-bucket of water, uncontaminated by any discharge from the 
ship, may be drawn from the surface and its temperature measured. The latter method 
is not entirely satisfactory, because cooling may reduce the temperature by a half 
degree under ordinary conditions, and in winter, when the water is much warmer than 
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the air, it may cause an error of as much as 5? C. The canvas bucket, used for the 
surface haul, should be constructed as if it were two buckets, one inside the other, with 
an air space between for insulation; the outside should be painted so that it sheds 

water. The haul must be made quickly and the temperature taken with a quick- 
acting thermometer as soon as the sample is on deck. 

6322. Frequency of Observations 

For use in echo sounding and R.A.R, it must be assumed that the velocity of sound 
is relatively constant throughout certain areas and during certain periods of time. 
For economic reasons the values used cannot be changed too frequently. The length 
of time during which the velocity may be assumed to be constant will vary from an 
entire season to a 2-week period on the working ground, and the area will likewise 
vary from that surveyed in an entire season to that surveyed in a 2-week period. This 
assumes that the temperature and salinity of the water remain relatively constant. 
A sufficient number of serial temperatures must be observed so that the velocity may 
be known with the accuracy specified in 6313. The number required depends on the 
physical characteristics of the water and the physiography of the area. The proximity 

of an ocean current or the discharge from a large river would necessitate more frequent 
observations, in which particular attention would have to be given to the salinity 

determinations. 
At least one complete serial temperature should be observed in the deepest part of 

the area surveyed each month, for use in computing corrections to echo soundings. 
Where little is known about the regional variation in temperature, the first monthly 

deep-water serial temperature of a season should be accompanied by a second one in 

deep water at a different locality, down to depths where the temperatures of the two are 

in approximate agreement. In the limited areas ordinarily surveyed during 1 month 

it will usually be found that this will occur comparatively near the surface (generally 
within 75 fathoms of it) in the layer where the influence of the seasonal change is 
greatest. Where this is the case, other serial temperatures taken during the month 

may be restricted to the upper layers, possibly to the depth limit of the bathythermo- 
graph. The hydrographer should endeavor to determine the regional and seasonal 

variation in an area with a minimum number of serial temperatures at positions 

distributed throughout the area. 
Physical conditions of sea water are rarely so stable that one serial temperature 

will suffice for the duration and area of a survey. Practically, however, even assuming 

such a condition, additional observations must be made at intervals to prove the 

stability. Where there is little regional variation and only a slight seasonal change, 
a minimum of four or five well-distributed serial temperatures each month should 

suffice. Where the physical characteristics are extremely variable, both regionally and 
seasonally, as during the summer months along the Atlantic Continental Slope in 
the vicinity of Nantucket Island, Massachusetts, a minimum of about 15 serial temper- 

atures should be observed each month. In such conditions it is better to take too 
many observations rather than too few to ensure that the requirements specified 

in 6313 will be met. 
For most localities there is insufficient knowledge of the physical conditions to 

enable the hydrographer to predict the temperature gradient or to extrapolate a tem- 
perature curve far beyond an observed value, so he must depend on his own observa- 
tions. But prior surveys in an area or published studies by other organizations may 
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be of assistance in determining how frequently serial temperatures should be obtained. 
Such data have been published for the Atlantic Ocean from Cape Cod to Chesapeake 
Bay ! and for the Gulf of Maine.” An extensive study of the temperature of the water 
in Monterey Bay, California * has also been published. 

For economic reasons serial temperatures are frequently observed at night, and 
when R.A.R. surveys have to be discontinued because of heavy static. A hydrographer 
should take advantage of every opportunity to obtain serial temperatures and, if prac- 
ticable, without interfering with other survey operations. Using the bathythermograph 
a serial temperature may be observed while weighing a buoy or while taking a vertical 
wire sounding. The Bourdon-type bathythermograph (see 4732) can be used from the 

ship underway, for the temperatures of the upper layers, without delaying other hydro- 

graphic operations. Serial temperatures outside the limits of the survey area, observed 
at night after anchoring or in the morning before getting underway, are generally of 
little value, for such temperatures will seldom be representative of the area being 

surveyed. 
633. SALINITY OF SEA WATER 

The composition of sea water is as complicated as the composition of the land, for 

it is obvious that every soluble substance on land will eventually be carried to the sea. 
In addition to the salts soluble in water, rain water in passing through the atmosphere 
absorbs acids. This enables it to dissolve the minerals of the earth into soluble com- 
pounds and carry them to the sea where they either remain in solution or form insoluble 
compounds which sink to the sea bottom. Sea water is, therefore, a dilute solution of 
a number of salt compounds which are strong electrolytes. 

For the sake of simplicity the total amount of dissolved solids in sea water has 
been arbitrarily designated as the salinity. Salinity is then defined as the total number 
of grams of solid material dissolved in 1 kilogram of water; it is expressed in parts per 
thousand, which is written °/,,. The amount of solids may also be expressed in terms 

of chlorinity, which is defined as the total amount of chlorine present in 1 kilogram of 
sea water. A constant relationship has been found to exist between salinity and 
chlorinity, expressed by the equation 

Salinity =0.03-++ 1.805 x chlorinity. 

Salinity is, therefore, just another form for expressing chlorinity, but it is only indirectly 
related to the total true salt content, with which it is often confused. Oceanographers 
prefer the use of the term chlorinity in describing the nature of the water, but the Coast 
and Geodetic Survey uses the term salinity exclusively. When the titration method is 
used the equipment is calibrated to give the results in terms of salinity. This is de- 
sirable because the velocity of sound tables have been prepared in terms of salinity. 

Average sea water contains about 35 °/,, of solids in solution, of which sodium 

chloride (27.2 °/,.) and magnesium chloride (3.8 °/,,) are two of the principal constituents; 

but there are many other salt compounds in the form of bromides, fluorides, iodides, and 
carbonates—some in such small proportions as to be negligible in quantitative chemi- 
cal analysis. Some compounds are absorbed by marine animals, plants, and organisms 

1 Woods Hole Oceanographic Institution, Volume II, No. 4, Studies of the Waters of the Continental Shelf, Cape Cod to Chesa- 

peake Bay, Part I, The Cycle of Temperature. 

2 Bureau of Fisheries Document No. 969, Physical Oceanography of the Gulf of Maine. 

3 Transactions of the American Philosophical Society, New Series—Volume X XIX, Hydrography of Monterey Bay, California, 

Thermal Conditions, 1929-1933. 
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and are temporarily removed from solution but these are eventually redissolved. Sea 
water also contains gases and traces of a vast number of organic compounds. Some 
of the gases, notably oxygen, remain in true solution, but others soon combine with 
other substances in the sea water. Of all the dissolved substances that reach the sea, 
only the volatile ones are removed by evaporation to the atmosphere. 

A study of a number of analyses of the composition of sea water from all regions of 
the world shows that sea water, regardless of locality, is of uniform composition and 
varies only as to the percentage of total salts held in solution. The salinity is usually 
high in regions where atmospheric temperature and evaporation are high and rainfall is 

small, and vice versa. Rain water and water from rivers tend to float on the surface 
of the sea and because of this the salinity near the surface is less than at greater depths. 
For the same reason the salinity near shore is generally less than in the open ocean. 
In some regions the salinity will vary considerably from surface to bottom and from 
place to place. At one place in the Gulf of Mexico the salinity has been observed to 
differ by 6 °/,, from the surface to bottom in only 8 fathoms of water. In the same 

locality the surface salinity has been observed to differ by 8 °/o. at two places only 10 

miles apart. 
6331. Determination of Salinity 

The salinity of sea water varies with the density of the water, and the simplest 
method of determining the salinity, for use in hydrographic surveys, is to measure the 
relative density, or specific gravity, with a hydrometer. Hydrometers and specific 
gravity measurements are described in 475, and the method of recording the observed 
data on Form 717, Record of Temperatures, Salinities, and Theoretical Velocities, is 

described in 6341. The salinities, which are determined from the specific gravity 
measurements by the use of tables or a graph, are also recorded on Form 717. 

The density of sea water depends not only on the amount of soluble matter con- 
tained in a unit volume, but also on the temperature of the water. Sea water expands 

and becomes lighter when heated and contracts and becomes heavier when cooled. 
Therefore, the specific gravity by hydrometer must be corrected for any variation of 
the water sample temperature from the standard of 15°C., for which the salinity 

tables are computed; consequently the temperature of the water at the time of the 
specific gravity measurement is needed to determine the salinity (see 475). The 
corrections for temperature and instructions for applying them will be found on pages 
86 and 87 of Special Publication No. 196 (1941 edition), Manual of Tide Observations. 

Observed density, measured specific gravity, and apparent density or specific gravity 
are all one and the same, and refer to the hydrometer reading uncorrected for tempera- 
ture. With the corrected density, the corresponding salinity may be found from the 

table on page 88 in Special Publication No. 196. 

The salinity may also be found from a graph constructed from the values in the 

tables for the required ranges of observed data. Figure 131 includes the range of 
salinities from 28 to 40°/,,. It may be seen from the figure that a change of 7 or 8 in 
the fourth decimal place of specific gravity is required to produce a change of 1°/. in 
the salinity. The hydrometer may generally be read accurately to 1 in the fourth 

decimal place, so that the salinity may be determined with a theoretical accuracy of 

almost 0.1 °/oo- 
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Salinity may also be determined by chemical titration. This method is based on 
the fact that the proportion of chlorine in the total dissolved solids is nearly constant 
in all sea water (see 633). A silver nitrate solution of known strength is used to precipi- 
tate the chlorine as silver chloride and a small quantity of potassium chromate solution, 
free from chlorides, is used as an indicator. The instruments and method of chemical 

titration, as well as other methods of determining salinity, are described in Special 
Publication No. 147, Measurement of Salinity of Sea Water. 

Water samples are ordinarily not retained unless they are desired for scientific 
purposes: Field parties sometimes survey in areas where few scientific analyses of the 
water have been made and water samples from such areas are frequently desired by 
oceanographic institutions. Special instructions will be issued by the Washington 
Office in such cases and the oceanographic institution will generally furnish specimen 
bottles and issue directions for preserving the samples and instructions for shipment, 
which is usually made at the expense of the institution. The specific gravity of such 
water samples is immediately measured by hydrometer in the usual manner, so that the 
salinity may be determined for immediate use, and the sample is then bottled and 
marked for identification. The salinities of water samples sent to oceanographic 
institutions are generally furnished later to the field party. They should be recorded 
in the proper spaces on Form 717 and used in the velocity computations, if received in 

time. 
A graph of the salinities with reference to depth should be plotted for every serial 

temperature observation, in the space provided on Form B-1528-5 on which the serial 

temperatures are plotted. 

6332. Frequency of Determinations 

The range of salinity is usually small, and compared to temperature it has com- 
paratively little effect on the velocity of sound. It usually increases uniformly with 
depth. In general a water sample for use in determining the salinity should be 

obtained at the surface and bottom as a part of each serial temperature; and a sample 
at one intermediate depth should be obtained occasionally. The salinities for other 
depths may usually be interpolated with sufficient accuracy from the salinity curve. 
Determinations of salinity should be well distributed as to area and throughout the 
season and should yield sufficient information to ensure the accuracy specified in 6313. 
Where the temperature varies erratically, the salinity will usually vary in a similar 
manner and additional salinity determinations will be required. 

634. RECORDS AND COMPUTATIONS 

6341. Records of Observed Data 

The observed temperatures and the observations to determine the salinity in a 

serial temperature, and all scattered observations of temperatures and salinities, must 
be recorded on Form 717, Record of Temperatures, Salinities, and Theoretical Veloci- 
ties. This form contains a number of columns in which the data should be entered; 

one horizontal line should be used for each observation at each different depth. 

The form is designed for use in recording both serial temperature observations and 
scattered bottom or surface observations. A separate copy of the form should be used 
for each serial temperature, the date of the observation being entered only on the date 
line at the top of the form. When the form is used to record scattered bottom or 
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surface observations, a number of these may be recorded on one copy, the date of 
each observation being entered in the left-hand column. The time of a single observa- 
tion should be recorded in the proper column, but only the times of beginning and 
completing a serial temperature need be recorded. The depth of an observation should 
be indicated to the nearest half fathom for the first 100 fathoms below the surface and 
to the nearest fathom for greater depths. Care must be taken to record the actual 
depth of observation. The bottom observation should be indicated by a B after the 
recorded depth. Where the position of an observation is known accurately, the latitude 
and longitude should be given to the nearest tenth of a minute, but for a serial tempera- 
ture, where the ship has drifted considerably, the probable mean position to the nearest 
half minute is all that is warranted. 

The observed temperatures should be read and recorded to the nearest tenth of a 
degree centigrade and the corrected values entered in the column provided for that 
purpose (see 4713). 

Four columns are provided for the data to determine the salinity by hydrometer. 
Under the two columns headed “Specific gravity,”’ spaces are provided for recording 
the observed density, or apparent specific gravity, and the corrected observation. To 
the right of these is another two-column space headed ‘‘ At temp.” in which the observed 
and corrected temperature of the water sample should be entered. (See 6331.) The 
maker’s numbers of the reversing thermometer and the hydrometer—not the National 
Bureau of Standards numbers—should be recorded in the spaces provided. 

In the “Remarks” column the character of the bottom should be recorded on the 
same line with the observations at the bottom depth. In this column the state of the 
weather and the condition of the sea should also be entered. 

The salinities determined from the specific gravity measurements, and the velocities 
computed from the temperature, salinity, and depth determinations, are also recorded 

on Form 717. The determination of salinities from the observations is described in 
6331 and the computation of velocities is described in 6343. Salinities determined by 

titration, or by any other method, are also recorded on this form. 
Rubber Stamp No. 40 should be used in the lower right-hand corner of the form 

and the initials of the persons who observed and recorded the data, computed the 

salinities and velocities, and checked the computations, should be entered in the spaces 

provided. 

6342. Temperature and Salinity Graphs 

Simultaneously with the serial temperature observations, the corrected tempera- 
tures and the salinities should be plotted as graphs on Form B-1528-5, designed for 
this purpose. ‘This should always be done to ensure that the number of observations 
is sufficient and that they are correct. The temperature and salinity graphs aid in 
detecting any erroneous observations and in determining at what depths additional 
observations are required. If there is any uncertainty in drawing any part of the 

temperature curve, additional observations should be taken. 

In most localities the temperatures in the upper layers of water generally cover a 
wider range and are more variable. Therefore, in plotting the temperatures on Form 
B-1528-5, the curve should be plotted in two sections; a shoal section from the surface 

to 100 or 120 fathoms, and a deep section from 100 to 1,200 fathoms. The whole of the 
depth range of the ordinate scale should be used for both curves, the shoal section being 

on a scale 10 times as large as the deep section. The temperature at 100 or 120 fathoms 
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should be shown on both curves. Only one serial temperature shall be plotted on a 
sheet. Where a serial temperature extends into depths greater than 1,200 fathoms, 
the observations at depths below 1,200 fathoms should only be recorded on Form 717, 
but a notation should be added at the bottom of the graph stating the maximum 
depth of observations. For the sake of uniformity serial temperatures shall be plotted 
only on Form B-1528-5, and only at the specified scales. 

The temperature and salinity curves may be inked any time after a serial tempera- 
ture has been completed. The two sections of the temperature curve may be inked as 
heavy black lines, unless they cross and there is probability of confusion, in which case 
the deep section should be inked in red. Each observed value should be indicated by 
a small circle. The depth of some one observation on each curve, or on each section 
if there are two, shall be indicated in numerals. 

The graphs of serial temperatures, with the records of observations, should be 
arranged in chronological order and bound together and forwarded to the Washington 
Office. They should not be bound with any other report or records. (See 8331.) 

6343. Computation of Velocities 

As stated in 63, the velocity of sound in sea water depends on the temperature, 
salinity, and pressure. Therefore, if the temperature and salinity are known at any 
depth, the velocity of sound at that depth may be computed from tables 32, 33, and 
34 in 9611. These tables are based on Tables of the Velocity of Sound in Pure Water 
and Sea Water, H. D. 282, published by the Hydrographic Department of the British 
Admiralty. Table 32 contains the velocity in meters per second for various tempera- 
tures under atmospheric pressure and at a salinity of 35.0 %o. The correction to be 
applied to the velocity in table 32 for the difference between the actual salinity and 
35.0 % is given in table 33, the correction being subtractive where the actual salinity is 
less than 35.0 %» and additive where it is greater. Table 34 gives the correction for 
pressure, to 4,000 fathoms, to be applied to the velocity in table 32; it is always additive. 
The pressure correction varies not only with hydrostatic pressure but also with gravity 
and therefore with latitude. Table 34 is computed for latitude 45°, a mean value 

sufficiently accurate for surveying purposes (see 63). The pressure correction is rela- 
tively uniform and for depths less than 1,000 fathoms it may be found by dividing the 
depth in fathoms by 30, which will give the correction in meters per second. 

Velocities are derived on Form 717 from entries made from the above tables. 
Using the “corrected temperature at depth,” the velocity found from table 32 is entered 
in the column headed ‘Velocity at temp.’”’ The corrections to this value for salinity 
and pressure at depth of observation are found from tables 33 and 34, respectively, 

and, with their algebraic signs, are entered in the double column headed ‘“‘Corrections.”’ 

The algebraic sum of these three column entries is entered in the column headed 
“Velocity (theoretical).”” This value is the computed velocity of sound in sea water 
at the depth of the observations. Velocities are usually computed and recorded to 
tenths of a meter per second. 

Echo-sounding corrections and occasionally velocities for use in R.A.R. are based 
on theoretical velocities, meaned from the surface to the various depths of water. The 
temperatures and salinities, for a period of time in which they can be assumed to have 
remained approximately the same throughout an area, are used (see 5612). 

The velocity for each depth at which observations are made in a serial temperature 

is usually computed and entered on Form 717. Instead of graphs of temperature and 
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salinity (6342), the velocities may be plotted with reference to depth on cross-section 
paper and a graph may be drawn to represent the velocities at all points through a 
vertical column of the water. In the same manner that temperatures and salinities are 
combined, the velocity curves may be combined and an average velocity curve drawn, 
from which a mean velocity from surface to each depth may be determined. Velocity 
gradients affect the propagation of sound in sea water to a great extent, and they are of 

utmost importance in R.A. R. Evena graph of the temperatures plotted with reference 
to depth will reveal the approximate character of the velocity gradient in the upper 
layers, where temperature changes are relatively large. 

k.A.R. smooth sheets are frequently plotted by using velocities determined experi- 
mentally; that is, by measuring the travel time of a subaqueous sound between two 
points whose horizontal distance apart is known. The distance divided by the elapsed 
time gives the velocity of forward propagation. Such a velocity is known as an 
apparent horizontal velocity, because it may differ from the actual velocity of the sound 
wave in the medium, due to the propagation path of the wave (see 623). It is, never- 

theless, the value that is needed for plotting distances in R.A.R. Apparent horizontal 
velocities are satisfactory for use in an area where the velocity increase with depth is 

nearly uniform from surface to bottom; but where the velocity decreases appreciably 
with depth, apparent horizontal velocity can be used with accuracy only for distances 

and depths approximately the same as those where the test was made and for limited 
periods of time in the same locality. 

Apparent horizontal velocity is frequently determined from the elapsed time 
required for a subaqueous sound to travel between two buoys, the distance between 
them having been measured by taut wire. In an area adjacent to prominent shore 
signals or high mountains which have been accurately located, it is generally deter- 
mined from elapsed times from R.A.R. stations to positions fixed by sextant angles, 
the horizontal distances being determined graphically or by computation. An 
apparent horizontal velocity determined between two buoy stations a sufficient dis- 

tance apart is usually more reliable than a value based on distances depending on sextant 
fixes, because the distance involved is usually more accurately known in the former 
case. 

635. DETERMINATION OF VELOCITY 

An accurate knowledge of the velocity of sound in sea water is obviously of vital 
importance in R.A.R. and echo sounding, for without it accurate hydrographic surveys 

using these methods of position determination and depth measurement are impossible. 
Tables have been prepared from which the theoretical velocity at any depth may be 
determined if the temperature and salinity of the water at that depth are known (see 
6343). Theoretical velocities are entirely satisfactory for use in computing corrections 
to echo soundings, but for R.A.R. the path of the sound wave through the water must 
also be taken into account before accurate positions can be determined. 

The path of the effective sound wave in R.A.R. varies with the character of the 
velocity gradient, as explained in 6231, and at times and in many areas it is very difficult, 

if not impossible, to determine velocities satisfactory for accurate plotting unless the 
elapsed times are first corrected for the path of the sound wave. Because of the com- 
plicated nature of the problem, no entirely satisfactory method of doing this has as yet 
been devised. Regardless of the method used to plot R.A.R. distances on the smooth 
sheet, the hydrographer must realize that the elapsed times are greater, by an amount 
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varying with distance, depth of water, and character of velocity gradient, than they 
would be if the sound had traveled by a direct horizontal path. The apparent horizon- 
tal velocities needed for plotting are lower than the corresponding theoretical velocities, 

the difference generally increasing as the depths and the distances from the R.A.R. 
stations increase 

6351. Apparent Horizontal Velocity From Tests 

Where apparent horizontal velocity is to be used in plotting, the values should be 
derived from distances slightly longer than the R.A.R. distances involved, if practi- 
cable. Under unfavorable conditions it may be necessary to determine apparent hori- 
zontal velocity for various distances from each R.A.R. station, using values varying 
with distance when plotting. 

Apparent horizontal velocity tests should be made under carefully selected condi- 
tions. Where practicable, the temperature and salinity conditions should be normal for 
the period and area, and the depths should be average for the area. If the tests are made 

between two buays, the distance between them should have been measured with taut 
wire and the tests should be made when there is a strong steady current to make the 
buoys lead approximately the same amount and direction from their respective anchors. 
A period of slack current should not be selected, for then the buoys may be leading in 
different directions, thus introducing an error into*the horizontal distance between 
them. Where sextants are used to fix the positions of the bombs for tests, only strong 
fixes using accurately located shore stations should be used. A series of three to five 
bombs, each located in this manner by an independent sextant fix, should be used to 
obtain an average velocity for each distance for which tests are made. The sextant fix, 
with a check angle if possible, should be marked at the instant the bomb strikes the water 
and as near to this point as practicable; or the distance and bearing between the observa- 
tion station and the point where the bomb strikes the water should be measured and 
allowed for in plotting or computing the position. Bombs used in tests should be of the 
same size as would be used at comparable distances in R.A.R. Results of tests that are 

in any way questionable should be rejected and not considered in computing the veloci- 
ties. The distances from the bomb positions to the R.A.R. stations may be either 
computed, or scaled graphically on an accurate projection. 

An excellent opportunity is afforded to determine the apparent horizontal velocity 
during a taut-wire measurement of the distance between two buoys, at least one of which 
is a sono-radio buoy. Test bombs should be fired at frequent and regular intervals, 

the taut-wire sheave being read at each bomb to determine an accurate distance to 
the R.A.R. station. Such a test discloses any variation in apparent horizontal velocity 
due to distance or depth, and the data obtained may be used to plot R.A.R., provided 

the tests are based on sufficiently long distances. 
To correlate the apparent horizontal velocity with the theoretical velocity and to 

provide adequate data for studies of the propagation of sound in sea water, a serial 
temperature should be observed in the locality immediately before, or after, each test 
or series of tests. If the test is in conjunction with a taut-wire measurement, a serial 
temperature should be observed near one end before starting the measurement, another 

near the other end after the completion of the measurement, and if practicable, a third 

about halfway between, if the distance exceeds 10 miles. 
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6352. Frequency of Tests 

The number of apparent horizontal velocity tests required cannot be specified 

without a knowledge of the area. A minimum of one or two tests per month should 
suffice for areas where, and seasons when, temperature and salinity conditions are 

relatively stable. But where and when temperature and salinity are variable, more 
frequent tests will doubtless be needed to determine the velocity with the accuracy 

specified in 6313. 
The hydrographer should not be content with satisfying the minimum require- 

ments where additional tests can be made in conjunction with other operations, without 
delaying the progress of the work. During taut-wire measurements apparent hori- 
zontal velocity tests should be made at every opportunity. ‘Such tests should be 
distributed regionally as far as practicable throughout the project area and made 
at frequent intervals during the period of the survey. In buoy-controlled surveys 

tests should be made at every op- 
portunity over distances that have 
been measured with taut wire. 
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Where elapsed times have been measured from a bomb position to three R.A.R. stations, assuming 

that the apparent horizontal velocity is the same over the three travel paths, the apparent horizontal 

velocity may be computed without any knowledge of the three distances. In figure 132, A, B, and 

C represent three R.A.R. stations, and D represents the position at which three elasped times are 

measured. The distances a, b, and c between the R.A.R. stations, as well as the angles of the triangle 

that they form, are known or may be computed. The distances AD, BD, and CD are unknown, 

but the corresponding elapsed times t;, 2, and #3, required for a subaqueous sound wave to travel 

from position D to the three R.A.R. stations, are known. From these data the apparent horizontal 

velocity » may be computed from the following equation: 

2p (p-+rs) 
1+ 3? 

2p-+ p? + 2prs—r— q— qs? upon Aph OA — ae? ae 
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in which the terms p, g, 7, and s, stated in known values with a equaling the angle BAC (see fig. 132), 

are as follows: 

EO b-@] 
26[1—(7) sin e 

[-0)] 
“p(y ne 

In solving for v, the sign of the term to the right of the + sign must be chosen to give an apparent 

horizontal velocity in approximate agreement with the estimated value. If the wrong sign is used, 

the error will be obvious, in most cases, from the value obtained. 

cot a 

It is obvious that there must be no doubt regarding the accuracy of the elapsed 
times used in the computation, and conditions of temperature, salinity, and depth 
should be similar along the three paths of travel; otherwise an erroneous value for the 
velocity of sound will result. Computations should be made for several different 
positions and if a reasonable check is obtained, the results should be averaged for use. 

6354. Effect of Current on Velocity of Sound 

If sound travels through water which is moving as a mass, the velocity of sound 
will be increased or decreased by an amount depending on the velocity and direction 
of the movement. A current of 1 knot whose direction is the same as the propagation 
of sound, increases the apparent horizontal velocity of sound by a little more than 0.5 
meter per second, and of course decreases it by an equal amount if the directions are 
opposite. Any other current will increase or decrease the velocity by an amount 

depending on the strength of the current and the relation between its direction and 
the direction of propagation. Ocean currents are generally of moderate strength so 

their effect on the velocity of sound is not large; furthermore, sufficient information 
is seldom available to correct for it; therefore the influence of current on the velocity 
of sound is usually disregarded in R.A.R. 

The abnormal temperature and salinity conditions caused by turbulence near the 

edges of an ocean current, and in eddies generally, have a pronounced effect on the 

propagation of sound directed through them. The sound wave may be completely 

dispersed at such places, so that no sound is received beyond them. This effect has been 
repeatedly observed at the edge of the Gulf Stream in R.A.R. surveys off the South 

Atlantic Coast. 
636. Metuops or AppLyInc VELocity Data 

Corrections to echo soundings are computed from theoretical velocities based on 
depths, and average temperatures and salinities. The method of determining these 

corrections is explained in 561. 
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For plotting R.A.R. positions, the effective horizontal velocity is required (see 63), 

and this is more difficult to determine. Sound is rarely transmitted through sea water 
along a straight horizontal path—it is usually reflected and refracted depending on the 
velocity gradient (see 623). The velocity of the sound wave at any instant is a function 
of the temperature, salinity, and depth of the water at that instant. Ina heterogeneous 

medium, such as sea water, the velocity of the sound wave is continually changing as 
it is propagated forward. The velocity along the path of the wave is the mean of the 

different instantaneous velocities. But if this velocity were multiplied by the elapsed 
time interval measured, the distance obtained would be the length of the path of the 

wave, whereas what is required in R.A.R. is the horizontal distance. An arbitrary 
value of velocity must often be used, which when multiplied by the travel time of the 
sound wave will give the true horizontal distance between the bomb and the R.A.R. 
station. Such a velocity is termed an apparent horizontal velocity. To determine it 

for all conditions encountered in R.A.R. is not a simple matter, and empirical methods 
must often be used. 

Where it is possible to determine an apparent horizontal velocity experimentally, 
by measuring the travel time of the sound wave over a known horizontal distance, 
such a velocity can be used if the distances and depths in the area being surveyed are 
similar to those where the tests were made, and the velocity gradient approximates 
the original. Otherwise a comparison of the apparent horizontal velocities with the 

computed theoretical velocities based on the physical characteristics of the water at the 
time of the tests must be used as a basis for correcting theoretical velocities (see 6343). 
Sometimes theoretical velocities at selected depths will be found applicable. 

A method is needed by which the elapsed times along the actual sound path may 
be readily corrected from a knowledge of the velocity gradient and the approximate 
depths, so that the corrected times may be used with mean computed velocities to 
plot R.A.R. distances. Until this problem has been satisfactorily solved, empirical 
methods such as the above must be used to determine velocities for use in plotting 
R.A.R. distances. 

6361. General Procedure 

The velocities to be used in plotting any R.A.R. survey shall be determined as 
follows: 

(1) The apparent horizontal velocity shall be accurately determined by tests, during which 
temperature, salinity, and depth measurements shall be made. 

(2) Velocity-depth curves (see fig. 126) shall be drawn from the data on Form 717 (see 6343), 
and the velocity gradients shall be studied to determine the most probable path of the sound wave 
for that season, not only along the track where the tests were made but throughout the area. 

(3) The apparent horizontal velocities determined by test shall be compared with the corre- 
sponding theoretical velocities computed from the tables (see 6343), to verify the probable path as 
determined in (2) above, and to determine for what depths to compute theoretical velocities and 
what arbitrary corrections, if any, to apply to them. 

(4) Apparent horizontal velocities determined by test may be used for plotting where the temper- 
atures and salinities vary only slightly from those observed at the time of the test, and for distances 
and in depths similar to those where the tests were made. 

(5) Computed theoretical velocities, sometimes based on an arbitrarily chosen depth or arbitrarily 
corrected, shall be used to plot all R.A.R. for which (4) above does not apply (see 6362). 

6362. Specific Rules 

In connection with 6361(5) it is necessary to determine whether to use theoretical 
velocities computed for an arbitrarily chosen depth; mean velocities from surface 

465382—44—39 
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to a certain depth, perhaps arbitrarily chosen; or one of these to which an arbitrary 
correction is applied based on apparent horizontal velocities experimentally determined. 
The cases that occur fall into five categories, depending on the type of velocity gradient. 
These categories are described below, together with the procedure to be followed. It 

is thus incumbent on the hydrographer to determine, in any given case, which procedure 
should be used. 

Through a study of the velocity curves obtained (see 6361(2)), the project area is 
divided into sections, if necessary, with characteristics as nearly uniform as the available 

information warrants. The category is next determined. If it is not obvious from the 

velocity curves and the text in (a) to (e), into which category a sectional area belongs, 

recourse must be had to the procedure in 6361(3). Thus the final criterion by which 

procedure (a) to (e) is determined, is greatest practicable accuracy. The proper cate- 

gory is selected by applying the following rules to the apparent horizontal velocities 

determined by test. 

(a) Velocity nearly constant from surface to bottom. The apparent horizontal velocity determined 

by test should almost equal the mean computed velocity from surface to bottom at the time and loca- 

tion of test. Use mean computed velocity for plotting. This condition is general in many ocean areas 

during the winter and early spring. For moderate distances the sound wave will follow practically 

a straight path from source to point of reception. Where the distance involved is long enough for 

the bottom to obstruct this path, because of the curvature of the earth, the first sound wave received 

will be one which has been reflected from the water surface—the reflection from the bottom being a 

later arrival. It is under these conditions that R.A.R. will function most favorably and at maximum 

distances. Any increase in the length of the path due to reflection of the sound wave will be so slight 

that the sound wave can be assumed to travel a horizontal path. 

(b) Velocity increases moderately from surface downward to some depth at which it starts to decrease. 

The apparent horizontal velocity determined by test should almost equal the mean theoretical velocity 

at time of test from surface to the depth where the velocity starts to decrease. Use mean computed 

velocity from surface to the depth where the velocity starts to decrease. The path of the sound wave will 

be a succession of widely spaced reflections from the surface. The first sound impulse received will 

never have been reflected from the bottom. The increased length of the path of the sound wave will 

be so slight that error thus produced can be ignored and the sound wave can be assumed to travel a 

horizontal path. Where the R.A.R. distances are relatively short, the velocity based on the physical 

conditions at or near the surface may have to be used, rather than the mean velocity. 

(c) Velocity increases rapidly from surface downward to some depth at which it starts to decrease. 

The apparent horizontal velocity determined by test should be less than the mean theoretical velocity 

at time of test computed from surface to the depth where the velocity starts to decrease. Use mean 

computed velocity from surface to the depth where the velocity starts to decrease, corrected by the difference 

determined by test. The sound wave is refracted sharply upward so that the path is a succession of 

relatively closely spaced reflections from the surface. The increase in the length of the path is too 

great to permit the use of mean computed velocity without correction. Furthermore, if the distance 

is long, the sound wave reflected from the surface may be attenuated so that it is never received, in 

which case the received sound wave is one reflected from the bottom. For this reason it may be prefer- 

able to use apparent horizontal velocity if a sufficient number of adequately distributed tests can be 

made. 
(d) Velocity decreases from the surface downward to a depth at which it starts to increase. The 

apparent horizontal velocity determined by test should be appreciably less than the mean theoretical 

velocity at time of test computed for a section of water from surface to bottom. This type of velocity 

gradient is general during the summer months. Use apparent horizontal velocity, or mean computed 

velocity from surface to bottom corrected by the difference determined by test. Under such conditions the 

sound wave is refracted sharply downward through the upper layer of water if the decrease in velocity 

is rapid, and is reflected repeatedly between surface and bottom. The path of the sound wave is 

appreciably longer than the horizontal distance and uncorrected computed velocities cannot be used. 

(e) Velocity computed for a selected depth. A comparison of the apparent horizontal velocity 

determined by test discloses that it is in consistent agreement with the velocity computed for a certain 
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depth. For areas and seasons where this is proved by test, wse the computed velocity for the selected depth. 

The basis for this is that the increase in the length of the sound wave path is nearly compensated for 

by the difference between the mean computed velocity and the computed velocity at the selected depth. 

In certain areas where there are temperature reversals, it has been found that the depth at which a 

marked change in the temperature gradient occurs will give this agreement. 

Data from R.A.R. surveys along the Pacific Coast and in Alaska, and for some areas on the Con- 

tinental Shelf of the Atlantic Coast, indicate that for depths not exceeding 300 fathoms a very close 

empirical relationship exists between apparent horizontal velocity determined by test and bottom 

velocity, the latter being the average of the velocities computed for the bottom depths along the path. 

The velocity gradient in such cases will generally be found to fall in the (d) category. Where tests 

show that such relationship exists, the bottom velocity may be used to plot R.A.R. For depths 

greater than 300 fathoms, the velocity at 300 fathoms is used. 

In order to obtain satisfactory results from R.A.R., the hydrographer must be fami- 

liar with the theory of sound propagation; only then will he be able to evaluate the 
results of tests made to determine apparent horizontal velocity, and to select the most 

practicable means of determining the correct velocities to use in plotting. In general, 

seasonal and regional changes of temperature and salinity require changes in the plotting 
velocity ; other influences being constant, an increased depth generally requires a lower 

plotting velocity; and frequently different values must be used for different distances 
from R.A.R. stations. 

Regardless of how velocity is used in plotting R.A.R., for the sake of simplicity and 

in order to eliminate some of the variables, average temperatures and salinities must 

be assumed to exist throughout an area surveyed during a limited period of time 

(see 5612). For most areas the errors introduced by these assumptions will be slight. 
In some areas, however, there are large regional or seasonal changes of temperature and 

salinity and in these, the regions and periods of time must be limited to those during 

which one set of average conditions may be applied. 

64. R.A.R. STATIONS 

Three different types of receiving stations have been used by the Coast and Geo- 

detic Survey in the R.A.R. method of control. In the chronological sequence in which 

they were developed they are; shore station, ship station, and sono-radio buoy. 
Sono-radio buoys have entirely taken the place of ship stations and have at least 
narrowly restricted the use of shore stations. Each type of station has certain advan- 
tages which make its use particularly advantageous under some conditions, but each 
has also certain disadvantages which limit its use. 

641. SHorRE R.A.R. STATIONS 

The first R.A.R. stations were established on shore, and such stations may still 
be found advantageous where deep water extends close to the shore in areas where 

strong currents. prevail. A shore station may be preferable to a sono-radio buoy in 
many localities on the Pacific Coast and in Alaska, but on the Atlantic Coast, where 

there are extensive areas of shoal water, their use is generally inexpedient. The 

selection of shore station sites, and the equipment and its installation are considered in 
261. Only the advantages and disadvantages are considered here. 

Each shore station must have at least one radio technician to attend the station 
and at isolated localities two men are generally required. This increases the operating 
cost but affords several important advantages over an automatically operated station, 
such as a sono-radio buoy. The technician can adjust the sensitivity of the apparatus 

to obtain the best reception for the temporary conditions; he can usually repair any 
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breakdown of the apparatus; he can keep batteries charged and the station at maximum 
operating efficiency; and he can listen to the bomb signals as they are received and 
measure the amplitude of the sound. <A knowledge of the relative strength of the bomb 
signal, radioed to the survey ship by the technician, is valuable in plotting and in 
determining the size of bombs to use. 

A shore station tended by a radio technician will generally require less servicing 
from the survey ship than any other type of station, but in isolated localities the station 
must be supplied from the ship, even to the extent of drinking water. 

Hydrophone sites for shore stations are generally difficult to select. Frequently 
the position of the hydrophone must be moved several times before it is where sound 
will be received from the desired directions. (See 2612a.) 

Depending on the locality, from 1 to 3 days may be required to establish a shore 
station, and because a comparatively smooth sea is required to lay the cable, the 
establishment of a station on the open coast may frequently be delayed several weeks 
by bad weather or a heavy swell. 

642. Sauipe R.A.R. STATIONS 

The use of ship R.A.R. stations in extensive areas of comparatively shoal water 
was a necessary expedient before the automatic sono-radio buoy was developed, because 
the attenuation of the sound in such areas was so great that the sound would reach shore 

stations from only comparatively short distances offshore. The shore station equip- 
ment was installed on board ships and the ships were anchored where stations were 

needed, but their maintenance was exceedingly costly. Ship stations had all the 
important advantages of shore stations and in addition they were mobile. A station 
ship could be moved to a new position without delaying, and generally without 

interrupting, the operations of the survey ship. They are no longer used as R.A.R. 
stations. (See 262.) 

643. Sono-Rapio Buoy STATIONS 

The sono-radio buoy is a fully automatic subaqueous sound-receiving and radio- 
transmitting unit that may be used in most localities as an R.A.R. station. Using 
the Parkhurst anchor-detaching apparatus (see 2834 and 2851), it is probable that a 

sono-radio buoy can be anchored in any depth of water; consequently accurately con- 
trolled hydrographic surveys can be made in any oceanic area (see 25). However, 
because it is unattended, a sono-radio buoy has a somewhat shorter effective range 
than a shore station has. 

The sono-radio buoy was developed to eliminate two of the then most objectionable 
features of R.A.R.—the use of expensive ship stations along the Atlantic Coast, and the 
difficulty of laying cable through the surf in establishing shore stations on the Pacific 
Coast and in Alaska. A number of buoys can be operated at the cost of operating 

one shore station. 
Where strong currents prevail there is some difficulty in maintaining a buoy in a 

nearly upright position. Occasionally the anchoring gear fails, resulting in the loss 

of the sono-radio buoy, or at least the position. 
Several types of sono-radio buoys are used by the Coast and Geodetic Survey. 

The different types have resulted from the efforts of individual experimenters to de- 
velop a sono-radio buoy best suited to overcome the particular conditions found in 
the waters being surveyed. The physical construction of sono-radio buoy structures 
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is described in 284. The electric circuits of the several types of sono-radio buoys are 
very similar in many respects, and the distance performance is about the same for all 
of them. Two of the types in most general use are described in 651 and 652, and their 
features are compared in 653. 

The principal parts of the electric equipment of a sono-radio buoy are the audio 
amplifier, the keying circuit, and the radio transmitter. The primary purpose of the 
audio amplifier is to amplify the small voltage, created across the terminals of the 
hydrophone by the bomb signal, sufficiently to operate the keying circuit. The keying 

circuit then sets the radio transmitter into operation. The general requirements of 
these three component parts are described in 6431, 6432, and 6433. 

6431. Audio Amplifier 

The gain of the audio system must be sufficient to provide the required sensitivity— 
experience has indicated that a gain of 80 to 90 decibels is more than ample, and much 
less than this is used in practice. The values are for measurements between the input 
of the hydrophone and the keying circuit. The gain needed in the amplifier depends 

somewhat on the sensitivity of the hydrophone used, and the amount of gain that can 

be used is limited by the unwanted noises entering by way of the hydrophone. Conse- 
quently the latter also limits the distance range of the sono-radio buoy. Means should 

therefore be taken to reduce spurious noises to a minimum and thereby increase the 
bomb-to-noise ratio—proper suspension of the hydrophone, as described in 656, will 
aid in this respect. 

The gain of the amplifier must be maintained at a nearly constant value while the 
sono-radio buoy is on station. Tests have proved that the gain can be maintained 
within 2 decibels of the original value for at least 1 month of operation. Tubes should 
be used that retain fairly constant operating characteristics with reasonable changes of 
voltage. Voltage and current regulators may be used to good advantage in maintaining 
the gain of the amplifier at a constant value. The circuits of the sono-radio buoys 
are arranged so that the decay of the B and C batteries has a compensating effect on 
the amplifier gain, with almost no net change. 

Within limits, amplitude and frequency distortion may be disregarded in the design 
of the amplifier. It is not necessary to have the gain of the amplifier flat in frequency 

nor is it necessary to amplify frequencies much above 300 cycles. In fact, in some cases 

it has been found advantageous to have the amplifier peaked for a certain frequency 

range. To conserve the B batteries, the amplifier tubes should be biased close to the 
cut-off point. This will naturally result in amplitude distortion, but this can be toler- 

ated in R.A.R., since it is not necessary to reproduce and transmit the characteristics of 

the bomb sound with fidelity—the essential requirement is that the first bomb signal 
actuates the radio transmitter immediately on arrival at the hydrophone. 

One of the primary requirements of the amplifier is that it be stable. Tendencies 
toward regeneration or degeneration cannot be tolerated because unpredictable opera- 
tion would be introduced, and different results would be obtained from different sono- 

radio buoys of the same type; and, in addition, a variable time lag would be introduced 

to lessen the accuracy of R.A.R. distance measurements. Time lag is inherent in all 
audio-frequency amplifiers to varying degrees, but the component parts of the amplifier 
must be selected and arranged in such a manner that this lag will be small and relatively 
constant. 



6432 HYDROGRAPHIC MANUAL Pace 598 

6432. Keying Circuit 

The purpose of the keying circuit is to cause the radio transmitter to operate when 
the bomb signal arrives at the sono-radio buoy. The keying circuit is actuated by the 

output energy of the audio amplifier. It should be designed to have a threshold of 
operation, so that spurious sounds of low amplitude will not operate the radio trans- 
mitter, but so that, when a bomb signal of sufficient strength is received, the transmitter 

is operated at nearly full-power output. But the operating threshold must not be so 
high as to preclude operation by weak bomb signals. Normally the wave front of the 
bomb signal is sufficiently steep to make the lag, due to the threshold, negligibly small. 

The keying circuit must be designed with a view to keeping the time lag at a low and 
constant value. For use in R.A.R., it has generally been found desirable to have the 

keying circuit actuate the transmitter so that the signal will be an unmodulated pulse 
of nearly constant amplitude. However, some sono-radio buoys have been used by 

the Coast and Geodetic Survey in which the bomb signal modulates the radio trans- 
mitter. Undistorted modulation is not attempted. 

Under certain conditions the bomb signal received at the hydrophone may be 
prolonged as much as 7 seconds or more, and in such cases it is advantageous to limit 
the length of the radio signal to a shorter time interval. Such prolonged bomb signals 

are due to the numerous reflection paths of the sound between the source of the bomb 
explosion and the hydrophone (see fig. 123). Also, when the bomb explodes close to the 
hydrophone, reverberation lasting several seconds may occur. The disadvantage of 
long radio signals is the interference that occurs between two or more signals from two or 
more sono-radio buoys at nearly equal distances from the survey ship, the signal from 

the nearest blanketing those transmitted immediately afterward. In practice, the radio 

signals have been made as short as 0.12 second, for use where such interference occurred 

frequently; as, for example, where the sounding lines were near bisectrices (see 6814). 

For ordinary use, a signal from 0.25 to 0.5 second in length has been found desirable. 

The method of signal shortening usually makes the sono-radio buoy inactive for 3 
to 5 seconds after the radio signal has been cut off. The advantage of keeping a sono- 
radio buoy inactive for a short time after transmission is that interference with survey 

operations from other buoys is in this way prevented. Otherwise, faulty operation 

of the circuits, spurious noises caused by passing ships, or by other causes, could keep 
the transmitter circuit in continuous operation for long periods, or until serviced. 

Sono-radio buoys equipped with silencing circuits when subjected to undesired noise 
will transmit interrupted signals of short and evenly spaced duration, which, though 

annoying, does not entirely prevent the use of the other sono-radio buoys in the same 

vicinity. 

There are certain disadvantages in the use of signal-shortening-and-silencing cir- 
cuits. When all the radio signals transmitted are of uniform length, signals caused by 

bombs cannot be distinguished from those caused by water noises. Furthermore, if 
the sono-radio buoy is actuated just before the bomb signal arrives, the silencing circuit 

prevents the bomb signal from operating it. Therefore, where prolonged signals are 

not particularly bothersome shortening-and-silencing circuits are not incorporated in 

the sono-radio buoy. The operation of these circuits is considered in 6522. 

6433. Radio Transmitter 

The signal of the radio-frequency transmitter used in sono-radio buoys must be 

relatively constant in frequency. The frequency should be as constant as can be 
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obtained from a quartz crystal with a low temperature coefficient, but temperature 

control is not necessary. The frequencies of all the sono-radio buoys used in a scheme 
of control need not be exactly the same—in fact, small differences of a few hundred 
cycles in frequency aid in distinguishing one sono-radio buoy from another. 

Under normal operating conditions, at a wave length of about 72 meters (4160 ke), 
3 watts of radio-frequency power will furnish a signal of adequate strength to cover the 
distance range desired of a sono-radio buoy—the maximum range required in most 
surveys being about 100 nautical miles (see also 6443). 

The transmitter may be of conventional design—either a crystal-controlled oscilla- 
tor driving a class C amplifier or a single-tube crystal-controlled oscillator has been 
found satisfactory. Both of these types are used by the Coast and Geodetic Survey to 

good advantage (see 6513 and 6523). 
For convenience, the transmitter should be designed so that once it is properly 

tuned it will not require retuning for a long time. This applies principally to the 
equipment in the drum. Any slight adjustment to the tuning of the output circuit, 
or to the antenna-coupling circuit, can be readily made. 

Where the length of the antenna is only a small fraction of the radio wave length, 
the base of the antenna is at a high impedance point and must be elevated above the 
water surface to prevent it from being effectively shorted during rough weather. This 

makes it necessary to couple the transmitter to the antenna through a low-impedance 

waterproof transmission line. This may be a two-conductor rubber-covered cable. 
The transmission line is terminated in a watertight container mounted on the buoy 
structure about 3 feet above the water, which contains the antenna-coupling circuit. 

It is desirable to make the vertical antenna as long as practicable, consistent with 

convenient handling on the ship. The ideal length of antenna would be about a quarter 
wave length, but of course this is impracticable for a frequency of 4 megacycles. Sono- 

radio buoys, used by the Coast and Geodetic Survey, operate on a wave length of 72 

meters, but their antennas are generally not more than 18 feet long. An _ 18-foot 

antenna represents about one-thirteenth of the wave length. 

644. Rapio FREQUENCIES AND POWER 

6441. Radio Frequencies 

The most suitable frequency for radio transmission of R.A.R. stations requires 
some consideration. The ideal frequency would be one at which reliable radio signals 

could be received without interference 24 hours a day in all seasons at all necessary 
operating distances. However, since available power is limited and due to the varying 

distance to which small amounts of radio energy will produce satisfactory signals, the 
ideal frequency is generally unattainable. 

Except for some slight directivity of the ordinary antennas used in R.A.R., the 
radio waves are transmitted in all directions of radii of a hemisphere drawn about the 

antenna as a center. Radio waves starting from the antenna at zero angle with the 
earth’s surface are called ground waves and all others are called sky waves. The 
ground wave follows the curvature of the earth and the distance to which it is propa- 

gated is a function of the conductivity of the earth’s surface. Fortunately for hydro- 
graphic surveying, the conductivity of sea water is much greater than that of the land 
and consequently the ground wave travels much farther over the sea than over land. 
Except for slight refraction and diffraction a sky wave travels in a straight line until 

é 
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reflected from the ionosphere, which is a layer of ionized gas from 50 to 150 miles above 
the earth. The ionosphere is slightly conductive and its characteristics vary during 
the 24 hours and with seasons and sun spots. The propagation of radiation from low- 
frequency transmitters is principally by the ground wave and less by the sky wave, 
but the ground wave of the higher frequencies does not travel far and reception of such 
frequencies is by a sky wave through an optical path, or by way of one or more reflec- 
tions from the ionosphere at distances of thousands of miles. Since there is almost no 
change in the ground wave and many complicated changes in the sky wave, it is appar- 
ent that propagation by the ground wave is much more uniform than by the sky wave. 
For this reason, it is desirable to select a frequency whose ground wave extends as far 

as required for R.A.R. operations and which is still high enough to require little power. 
Frequencies between 2000 ke and 5000 kc, transmitted with a power of 5 watts, may be 

received from 150 to 250 miles via the ground wave. However, the radio signal must 
not only be heard but it must also be recorded on a chronograph tape. 

It is fairly easy to read radio signals through radio interference on nearly the same 
frequency, but the chronograph is unable to make this distinction. For this reason, the 
desired radio signal should be stronger than the others and there should be as little in- 
terference as possible. Interference can be divided into two broad classes: static and 
communication. Static imterference can be subdivided into atmospheric, caused by 

electric disturbances in the air such as lightning, and man-made static caused by elec- 
tric apparatus, sparking commutators, loose connections, etc. At frequencies above 
2000 ke, atmospheric interference decreases, but man-made interference increases. 

Man-made interference is controllable to a considerable degree and can be eliminated 
on a survey vessel by the use of proper filters in connection with the offending appa- 
ratus. It might be inferred that the lesser atmospheric interference at higher frequen- 
cies would make the use of these frequencies desirable for R.A.R., but the advantage 
to be gained in this respect would be more than offset by the unreliable propagation at 
the higher frequencies, although it must be stated that higher frequencies have not yet 
actually been tried in R.A.R. 

Communication interference can be avoided only by using frequencies for R.A.R. 
which are reasonably free from such interference. Since the frequencies that can be 
used for R.A.R. are assigned by the Federal Government, and quite often are shared 
with other radio stations, it is difficult to avoid this type of interference completely. 

6442. Authorized Radio Frequencies ~ 

The frequencies (in kilocycles) authorized by the Federal Communications Com- 
mission for use by the Coast and Geodetic Survey for R.A.R. and communications are: 

738 2, 492 4,135 8, 270 12, 405 16, 540 
1, 742 2, 496 4,160 8, 320 12, 480 16, 640 
1, 746 2, 500 

Those frequencies that are available to all vessels for communication have not been 
tabulated. 

Of the above frequencies, 4,135 and 4,160 ke are most frequently used for R.A.R.; 
2,492, 2,496, and 2,500 ke are also used, but less frequently. All these frequencies are 

shared with other radio stations. The frequencies available for use in R.A.R. should 
be monitored for a few days to select the one with the least communication interference 
in the area at the time its use is desired. 
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6443. Radio Power 

The minimum radio power that can be expected to give satisfactory signals at all 
R.A.R. distances is about 3 watts. This amount of power is adequate during daylight, 
except during periods of excessive interference. It may be inadequate for satisfactory 
R.A.R. operation at night, because, in some regions, atmospheric interference increases 

and the sky-wave signals are weaker during part of the period between sunset and 
sunrise. 

The radio-frequency power output of the sono-radio buoys used by the Coast and 
Geodetic Survey is from 3 to 26 watts. Most of the shore-station installations have a 

~ radio-frequency power of from 10 to 100 watts. 

65. SONO-RADIO BUOYS 

651. VINCENT Sono-Rapio Buoy 

The Vincent sono-radio buoy, used principally on the West Coast, utilizes electric 

equipment originally designed for use at R.A.R. shore stations. This equipment was 
adapted for use in sono-radio buoys by only minor alterations to the circuits and by 
substituting types of tubes requiring less filament power. 

This sono-radio buoy has performed reliably for periods of more than 3 months, 

during which time neither servicing nor adjustments were necessary. Where the acoustic 

conditions of the water, the configuration of the bottom, and radio propagation are 

favorable, reliable operation can be expected from the sono-radio buoy at distances as 
great as 100 nautical miles or more. 

The audio amplifier and radio-frequency equipment are all housed in a 12- by 7- by 
7-inch metal box, which has a hinged top and a removable subchassis. This box and 
the necessary batteries for operation of the electric equipment are all secured inside 
the buoy drum—the batteries in the bottom—by means of a wood framework. Cables, 
connecting the equipment in the drum to the antenna and the hydrophone circuits, 
pass through stuffing boxes in the cover of the drum. The buoy structure is described 
in 2842. 

The circuit diagram of this instrument is shown in figure 133. Either a Vincent 
hydrophone (6563) or a Dorsey hydrophone (6561) is used with this sono-radio buoy. 
The other electric equipment—the audio amplifier, the keying circuit, and the radio- 
frequency equipment—is described in 6511, 6512, and 6513. 

6511. Audio Amplifier 

The audio amplifier is composed of two transformer-coupled tubes. A hydrophone unit with an 

impedance of 900 ohms is usually used, requiring an impedance-matching transformer to match this 

unit to the grid of the first amplifier tube. The two tubes of the amplifier are pentodes, type 145, 

with a 1.4-volt filament. The first tube is coupled to the second by means of a transformer designed 

to operate from a tube of high plate impedance. This is a 1:2 transformer with a primary inductance 

of 600 henries. The second tube supplies the energy to operate the keying circuit, being coupled to it 

by means of a transformer identical to that used with the first tube. This amplifier is broadly resonant 

at low frequencies, the necessary tuning being obtained by paralleling condensers across the primaries 

of the coupling transformers. The gain is about 90 decibels, which is sufficient to give a reasonable 

margin of sensitivity. 

Decoupling circuits are used in the B and C battery supply leads to prevent regenerative effects. 

The amplifier gain is controlled by a variable potentiometer across part of the C battery, varying the 

amount of voltage to the grid of the first amplifier tube. A metering jack is provided by which the 

465382—44—_40 
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plate current to the radio-frequency amplifier may be measured. A switch is located in the filament 

and plate-supply leads for turning on or off all the electric equipment. A key is provided by which the 

transmitter can be turned on for tuning and testing purposes. 

6512. Keying Circuit 

Following the audio amplifier is the keying circuit, its purpose being to turn on the radio-frequency — 

transmitter at receipt of a bomb signal. The keying tube is a cold cathode gas-filled type OZ, installed 

so that its anodes are connected across the secondary of the output transformer of the audio amplifier, 

similar to a push-pull arrangement. The cathode is connected to the screen grid of the erystal-con- 

trolled radio-frequency oscillator. A d-c potential of 90 volts is applied to the anodes of the type 

OZ tube through the center tap of the output transformer. When a bomb signal is received and 

amplified the voltage created between the anode and cathode of the keying tube is sufficient to cause 

this tube to ionize and thereby conduct current, which applies a positive potential to the screen of the 

oscillator tube, which at once starts to function. Because of the push-pull arrangement, full-wave 

rectification occurs, adding to the efficiency of the keying circuit. 

6513. Radio Transmitter 

The radio transmitter is a erystal-controlled oscillator furnishing driving power to a class C ampli- 

fier. The oscillator tube is a pentode type 17'5 whose frequency is controlled by means of a quartz 

crystal. This quartz crystal is alow temperature coefficient type, capable of maintaining the fre- 

quency of the transmitter within one part per million per degree centigrade from 20° C. to 50° C. The 

crystal is clamped in its holder so that it can be operated in any position. The holder is the so-called 

Navy-type, composed of a cylindrical glazed isolantite body and a metal base on which the crystal 

rests. The upper electrode is circular in shape and separated from the crystal by a small air gap. 

This electrode is adjustable so that the length of the air gap can be changed. Various frequencies 

that are assigned to the Coast and Geodetic Survey in the range from 2492 to 4160 ke are used. 

The plate circuit of the oscillator is tuned, and connected to the power amplifier by capacitance 

inductance coupling. The power amplifier tube is a 1Q5 power-amplifier pentode, operating at the 

same frequency as the oscillator, which therefore requires neutralizing to prevent oscillations. 

The transmitter is capable of delivering a radio-frequency power output of about 26 watts for a 

very short period. This power output is sufficient for reasonably reliable R.A.R. operation even where 

interference and static are prevalent. The high power output requires the use of a high plate potential 

on the transmitting tubes. A resistance capacitance circuit in the plate-supply lead of the radio- 

frequency oscillator and amplifier prevents high currents of long duration from damaging the trans- 

mitter tubes. Before the transmitter is operated by a bomb signal the electrolitic condenser, connected 

between the transmitter plate-supply lead and one side of the filaments, is charged to 360 volts or more. 

When the transmitter operates, this condenser discharges into the oscillator and amplifier tubes, the 

20,000-ohm resistance through which the condenser was charged limiting the transmitter plate current 

to a safe value. With this arrangement the first and useful part of the radio signal will be of high 

amplitude. In addition, the resistance-capacitance combination limits the length of the radio signal. 

The advantage of this signal shortening is described in 6432. The power amplifier and the antenna 

transmission line are coupled by means of link coupling. The transmission line connecting the 

transmitter to the antenna circuit is a waterproof two-conductor cable about 4 feet long which enters 

the drum and the antenna-coupling housing through stuffing boxes. The housing for the impedance- 

matching circuit of the antenna coupler and the antenna are described in 2842(A). 

6514. Batteries 

The electric energy to operate the sono-radio buoy is derived from dry batteries. Burgess bat- 

teries are used, and the type numbers are given on the circuit diagram, figure 133. The batteries 

occupy a volume of 2,292 cubic inches, and weigh 109 pounds. Connections between the batteries 

and the rest of the equipment are made by plug-in cables. 

The total amount of filament current required by the instrument is 0.25 ampere. The quiescent 

plate current consumption of all the circuits is about 2 milliamperes. The total current is 90 milli- 

amperes (peak meter reading) for the radio transmitter, when the instrument is operated by a bomb 

signal. 
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6515. List of Electric Equipment—Vincent Sono-Radio Buoy 

[The total cost of the electric equipment is about $150 based on 1940 prices. The antenna-coupling housing, antenna, antenna guys, 

and insulators are listed in 2842(B).] 

Number 
Description Size required 

RGSIStOr sis ee ee Re ee ae ee ee Ee a ee 5;000\ohim)}1¢watties=_. 2. 2= ee 1 

TD) Oveecew Booey See Ras es es ee eee se ee sees ee 10;000\ohm! 4 watt: ---- 4) + = ee 1 

DD) Oe ee a ae a a a ee en ne 20,000.0hm 6 watt... 5 1 

Bs ea pe a ee BPS ar co Se ee a eee 25:000;obm!S2°watt.—--=---- = 1 

IRESISEOTS once cients cee oe ee a ae er ata wae ae a nae Sea ene een eee amen S0}000 ohm {2 watt_- 2 =. 3 

Resistor ese ues Tee a Ee re ee a oe ee. 2 Se SES 100;000'ohm 44 watt. Lu2ii= ee eee 1 

Dosickt toy estlie ere eee a es ee ise, Bee Eee eg dee ae 150;000/ ohm 24,watte 2. 2:- 22 ee ee 1 

Doses Be ae ee Rs Cape oe I ee ge ie PUIMUUN Given VA ypinee— 1 
1 Yc epee ee TE es St ee Se Se ee ee ee ee ee ee ee ee eee 1;000/000/ohm So.watte.- =) 1 

Resistors variable POvemMtiOiie ben eps a eee ee 250/000 Ghin’! 2252------ == -0-- 1 

Condensers}imica 222s 2 Sees Eas OS Oe Lee ee SSE DEEL ES O00 nifd! Uso ee Se ae 2 

10 (ofa S52 eR Se eee ee ees oe in a a es ey Es eee 0:002amfd x4.22:- Ss: 42 tie: sae ee 6 

© ONG ONSET ri Cay ae ee 0:02, mfd.".2< 2 seep 1 

@OMGETISELS ify CT ee 1.0 mid! 2-22-22 so Ss 6 

@ondenserielectroliticsS prague sO M20 sa = ae ee eee 200: nfd =. 33-2. ss ee eee 1 

@ondensersvaris bless eee a ae a ee ee i0:mmi(d. 2222-46-43... 1 

(Cor GeriSers yaav220 2 fe aes a eee 50immid Ss 5-2 32 eee ee 3 
Sockets? 27. 22202 Be S92 Ses SE EADS Rese Tite eee LAPIS S468 Octal/fype'(8-pin) =e ee ee 6 

WD One 2 Ses Sess es ee ee eee 9 Se ete ee eet t Seer es ee es 4-pitkesso- 2253-24) :53-43: i 01) 635 eS 2 

Transformer, AmMeninan 82 ean ee ea ee Cae ee ees See eae Line, tojgrid?=— 3-5. = 1 

MranistOnmers pATHert La lw?) 2173 eee eee Re eee soe Interstace:...-.¢=-.-20-2 2 
COT OK CS Sea a ae eR ee en 2.5 millihenries __---- Sieben ores 2 4 

SRT bes Ray GNC OT ae es eee ee ee ne Sek ee re ee Type VAS. a eee 2 

aiiberRis yt eon ssess ss 25a cweeee ope aay es ee Ee eee eae ns eae ee eee Type UPbue: -2--s- lssesseesses es 1 

TN) Oe as a i ee ea ee es oa ee eee = My pe WO52---h 2220-25 3 ne ae 1 

1D) () ee ee ee ee TvipevO 2m 2 323 costo ee 1 

Batteries? Burgess 402 =. ee a as ee ee ee aoe A batteries 3=volt=_-"°-*2_ 22") eee 2 

Batteries#-Burgess: 2130882 sae eee ee hese ew Soe eee See Sees SEE et eee B'batteries'45-voltt/3..4 2oee SS 2 

Battenies wBULeeSS DoUS ss ea at Hee te eee ee Reese eee eee B batteries 45-volt:-- 1 3:25525 aaa 6 

Battery. /BUTeeSS N13). oe eee ee ee a ee GC: battery,45-volt™...- = 5 eee 1 

Battery; (Burgess 5156) 222s oa oe Ss ee oe oes GuBattery 22o-voltie = a 1 

Crystal and holder__------------ masa tcaaaeeeneeoses noch Has on aeaaeose sce asneeausee Navy type (See6513) === see 1 

iy drophonel= = eee ate ene een ee ae oe ee ee ee ee (See 6563) tI S22. tL eee ee 1 

@ableiconnector; for batteries=. 2. =) 2:f- 0g) teee_ jes Stews ee ed Sees e eee ee Male type:8-prong: -) .--.55222245_ Sass 1 

Cable connectors, for hydrophone and antenna___-------- pe pees ee Malestype4-pron ieee ae See eee 2 

Cable, multicoloreds—22-2* 38. 2 on ona ee epee et Se eae e hoe tee S-COnguCtOr: - == +520.) 22224 ee 5 ft. 

Cables yrexicimplex, Ly erSe4pys2 - 1lSUIAUl OM seme ae ee ee eee ae eee Z-COUGUCTOR IN On 62 eee sea ee 65 ft. 

Stuffing 'ttibés for/above!cablesi28 0524S. Fo Shade BE) mg PSPC R ENT? Le deh STR ELE Te es Ae se eee 3 

Tubingy iBakelitez:ts: te tee 245 = Se es et ee ee sh eye ey Cb Due Pe ee SES Siby die nnches? 221+ see. see 7 eee 3 

Wire, Solid’copper;yenameled == — 2 ae. os ee Ea NO 222 ojas woe eae sec be ace an ot ee 50 ft. 

Mietalibox, for mousing ie cy tin pre er Ges a ee a ee 12'bya7 Dyeianches*2. -- 2525 5- eee 1 

IMEISCE LIS COS 2 on ee eS er eS Le Mee APR a hee ee ee Screws, bolts, lumber, wire, solder, solder, 

lugs, and fittings. 

652. East Coast Sono-Rapio Buoy 

The East Coast sono-radio buoy has evolved by improvements and simplifications 
from the earliest model. Figure 134 is the circuit diagram of this instrument; the 
buoy structure is described in 2841. 

The audio amplifier and radio-frequency transmitter are assembled on two 8- by 
10- by %6-inch parallel pieces of Bakelite separated 5% inches by four brass pillars, 

one at each corner. All the component parts of the audio amplifier and radio-frequency 
transmitter are on the bottom Bakelite plate, the top plate containing the gain control 
and test circuits. This assembly is secured to the inside of the drum cover by means 
of four brass posts that fasten to the top Bakelite plate. The control and test circuits 
can be reached by unscrewing a handhole cover in the lid of the drum. Connections 
to the hydrophone and antenna circuits are made by means of cables passing through 
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stuffing boxes in the flanged top of the drum. The batteries are contained in a wooden 
frame which is secured in the bottom of the drum. 

The Dorsey hydrophone is used with this sono-radio buoy. This hydrophone and 
the method of supporting it are described in 6561 and 6562. The hydrophone is 
coupled to the first tube of the audio amplifier by means of a line-to-grid transformer, 
selected to match the impedance of the hydrophone used. 

6521. Audio Amplifier 

The audio amplifier consists of two stages; the first stage employs a type 32 screen-grid tube 

acting as a voltage amplifier, which is impedance-coupled to the second tube by means of an induc- 

tance-capacitance-resistance combination. The second tube is a high mu duplex-diode triode of which 

only the triode part is used. The plate circuit of this tube is coupled to the keying circuit by means 

of a 1:3 transformer. A step-by-step gain-control attenuator forms part of the coupling circuit 

between the first and second tube, arranged so that the amplifier sensitivity may be changed by 

intervals of 2 decibels. The full range of this attenuator is 20 decibels, permitting variations of gain 

from 65 decibels to the amplifier’s maximum gain of approximately 85 decibels. No attempt is made 

to tune the amplifier, but the characteristics of the inductance and capacitance parts of the circuit are 

such that frequencies below 1000 cycles are favored. 
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FIGURE 134.—Circuit diagram of East Coast sono-radio buoy. 

6522. Keying Circuits 

A type 30 tube acts as the keying device to operate the radio transmitter. This tube is biased 

to beyond cutoff so that when there is no bomb signal there is no conduction through the tube, and 

the radio transmitter cannot operate. When a bomb signal actuates the keying tube, current flows 

through the tube and makes the screen of the radio-frequency oscillator positive, and oscillations 

commence almost instantly. This type of circuit requires a connection between the filament of the 

keying tube and the screen grid of the oscillator, therefore the keying tube must have separate fila- 

ment and bias batteries which are well insulated above ground. 

Associated with the keying circuit are two other circuits, one for shortening the radio signal 

regardless of the length of the bomb signal, and a second circuit to silence the sono-radio buoy for a 

period of a few seconds after the radio signal has been transmitted. The signal-shortening circuit is 
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composed of a relay in series with the plate-supply lead of the oscillator, so that when a bomb signal 

is received the oscillator tube draws plate current and the relay is operated, the contacts of which 

short the grid of the keying tube to the filament through a 1-microfarad condenser, thus stopping 

the operation of the keying tube and hence the oscillator. The length of the radio signal is only 

about 0.12 second. The silencing circuit consists of a 1-megohm 4-microfarad resistance-capacitance 

arrangement in the plate circuit of the keying tube. The condenser is normally charged to the same 

voltage as the B battery, but when the bomb signal is received the condenser discharges into the 

keying tube. A period of a few seconds is required to recharge this condenser through the 1-megohm 

resistor and during this period the sono-radio buoy is inactive. Not all types of East Coast sono- 

radio buoys employ the signal-shortening-and-silencing circuits for reasons discussed in 6432. 

6523. Radio Transmitter 

The radio-frequency power is generated by a type 33 power pentode, arranged in a conventional 

erystal-controlled oscillator circuit. The transmitter frequency normally used with this sono-radio 

buoy is either 4135 or 4160 kilocycles. The crystal is described in 6513. The power output of the 

transmitter is about 3 watts. The antenna transmission line is a two-conductor rubber-covered Tyrex 

cable about 4 feet long which is link-coupled to both the oscillator circuit and the antenna coil. The 

housing for the antenna-matching circuit is a cast brass cylinder open at only one end onto which a 

cap screws. All the electric circuits are attached to this screw-on cap, and the two stuffing boxes 

for the antenna lead and the transmission line pass through it. It also contains a threaded hole 

through which the antenna tuning condenser can be adjusted, which is normally closed by a standard 

\4-inch pipe plug. 

The antenna is 18 feet long, made of hard-drawn copper tubing with a *-inch outside diameter. 

The antenna is supported along the narrow edge of the centerpole of the buoy structure, and insulated 

from it at 244-foot intervals by means of insulators of the house bracket type. 

The controls mentioned in 652 that can be reached through the handhole in the lid of the drum 

are to permit adjusting and testing the circuits without opening the drum. There are four controls 

and two metering jacks grouped under the handhole opening. Two of the controls operate selector 

switches, the third is a push button, and the fourth is a rheostat control. One of the selector switches 

is a 3-gang 11-position nonshorting type of switch. Its functions are to control the amplifier gain 

by steps, to measure the filament, grid, and plate voltages of all tubes, and to turn on the radio 

transmitter for tuning and testing purposes. Only the gain control part of this switch is shown in 

figure 134. A suitable meter is plugged into the metering jacks to measure the voltages. The second 

selector switch is to select between an Amperite 4F#1 voltage-regulator tube and a fixed 1-ohm resistor 

in series with the filament supply lead to the amplifier and oscillator. The regulator tube functions 

for several weeks after a new filament battery has been installed, but after this period the battery 

voltage drops below the control range of the regulator, and the l-ohm resistance is then switched 

into the circuit in order to extend the life of the battery. This switch is also used to turn off the 

filament voltage. The push button is used only when testing or tuning the radio transmitter. Its 

function is to short out the 1-megohm resistor of the silencing circuit. The rheostat control is for 

adjusting the filament voltage of the keying tube. 

6524. Batteries 

Nine Burgess dry batteries supply the energy for operating the sono-radio buoy; their type 

numbers are given in the circuit diagram, figure 134. The battery assembly weighs 53.5 pounds, exclu- 

sive of the battery case. The total volume occupied by the batteries is approximately 1,147 cubic 

inches. 
The total filament current consumption of the amplifier and radio transmitter is 0.38 ampere, 

and the filament current of the keying tube is 0.06 ampere. The quiescent plate current consumption 

of all circuits is about 2 milliamperes, becoming about 40 milliamperes when the instrument is operated 

by a bomb signal. 
One set of batteries and tubes can be expected to provide, on the average, for 30 to 40 days 

continuous use of this tvpe of sono-radio buoy. 
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6525. List of Electric Equipment—East Coast Sono-Radio Buoy 

[The total cost of the listed material is about $150 based on 1940 prices. The material for the construction of the wooden buoy 

structure in which the East Coast equipment is normally used is listed in 2841 (B).] 

Number 
Description Size required 

IRESISCOR IM. © ee Bol Cou Smee a 2 a ee ccs Ene, oe See Seabee ss Bat ro hmelswat tie — ses 2= sea ee eee 1 
VESISLOn ene Deleon cee SEE Re. RAS APEAE cee te) ee he eee ee eRe LOOKohm eo weattt =e eee eee ees eye ieae 1 

RESISTORS ple @ serie oe soe RES PE eee so i eek Ue nee 25) OOD ohne wis i ieee ee 3 

TRUSTS) AS), UAT Re Oe 3 EY I ee ee? D0 O00 Vo lin Yo Waites een eee ee 2 
IRGSISCOR MIO RACH WE lo. sa ns eens Spee PUNE SET eee ee ToONOiohmeyeswattee -e4 ss eek ee a ae 1 

IRUGSISTOTS mM LUN Cap el yo me ke Oe 4 RG is Pe Ee oe ose ae PR a eee oa ae 1OO;000 ohms >: watt tease sae eee 2 

RVESISLORS Wehr Belle. = oo ne ee eS a ee a) eee HOOOOO ohms sp ewatt ane ae ae ees 2 

VESISUOLS MINIS @ els lo) eat SE SUNS ETE Ay Se ers STi 200000 ohms wattle = ase ase eee ae 2 

eB ore. TR (Cis Vays EAS A REESE S ER Ss 2 ee ee eee see Reems a 1 00G!000lobmy Yo iwatte a ee 1 

FU COSL AI IRR IOV RC 20 fame ea ae ee eee San oe eae as a ae fee ee tease 2A) 1 

Wondensers;amica* CornelleDubilier dit - 25. -2 28s. ee 2 ee ee ee OLOO2trrifa LAA Ss SRE Ee eee) Pes 2 

Condenser, paper tubular, Cornell-Dubilier DT—-4S825_--_--.---------------------- OlO25amid ss -2a2 2 Fo en nd ae ee 1 

Wondenser, paper tubular, Cormell-Dubilier TE Pee eee re eee OW idle: = 22S. ee ee 1 

Condenser, paper tubular, Cornell-Dubilier DT-4W1__--_------------------------ WM Onmer fc >. 23 te BSS CO eee ee ee 1 

Wondensers ;paper, Western lectrich VAs eee soca ose ee ee Ci )aits) Saeeee So ee ee eee 3 

Condenser, variable, Hammerlund M/C-35-S______- Se a ee a en os See ee SDAIN Ge eee ee ee ee ee eee ae 1 

Condenser, variable, Hammerlund MC-50-M_______---------------------_-------- BOmmiGh:t 55422 Peer eer tee ey ee 1 

SIWiichanonshontineymuaxiey Ljoleeeeseees = 2S fe Eo SPAN il -DOSiON ss sa ee a 1 

Siva hel aly (Ceara a ee [2 oy ey lee | eae es ee er ee ee eae ee ee eee Single!polers-mosvtion== a= eee ae ae ae 1 

ERUTIGI ACK S ARYA XU CY 140 (ese ee oe ee AER ee eB EE 2 Oneiredtand!onesblack3 Sepsis is ee 2 

Relayasingle-pole\double-throw, Hby-MRal2. 222 222-5 42 2. fe ese {O00  ohinis§* 4... 28-22 ee ees 1 

SKE REUSE LD Oh 7512 ee a ee C0) ee 3 

DOCKCE ME Diyala Besos e ome SRP RUTTER OEM). 1hD i Se ea ee et = pln 32 So EEC EE - VOUS cae ERE REE a 1 

SOG Lege bi ova lin Ceres eee ee 8 Se 8 ee a ee 6-ping 7 a2 ates (a BS 1 

Socket, Amphenol [ESS S 5 ee ee ee a oe ee ee ee 5= DIN Si se a ee eee a eee al 

SOCKCL PAUP HEM OWA STS. Se Seek Semen ceemes Ses SP AIS EDT ee aa tit P-pintstis. Lt fA Aine 1 

@ablerconnectonmaun phenol iVibes- 222 et ye Side Bias Se See 2 Sees eee 5=prongy (moale)e 2222-23 a ee ee 1 

Ganlerconnector. Amphenol wei. = =) sae ee ee es 7-Droney (Ni ele) aoe) a= ee ee ee 1 

LTA SOnMeE pen Ond arson 20 4002-2 a= see ne See ee eee ee ee ee Sulbinterstaceo== eo ea eee eee ee eS 1 

Pr An stormerainOnGArsOMosAi l= ot aes SRC ECE Bee ete oe ee ee Lineytorenias = esos ae ee 1 

@hokemibNordarsonis2C0Ss. 4 5 ssi ss Seeh iid ay 2 ee ae LO80 henries 4254 tat siete ft sls eh 1 
(Clovol vas, 18 iovvatee boars (CLE Ho ees ee 58 Ee eS eee ae ee 2s millihenrieses:- +" ee e- se ae. 5 a 2 

Crystaleancdunolderi += sess se neeseen ee ee ee ey i ee ee INiawiy eye (SCC OSS) B= a eee 1 

MIP OYDS TERK CL YASS SSS ee eet en ae Sa eee eee ee a ee ee Mype' 30-2 25st ss A as ESE ee STEERED Sere 1 

IDO). ootns: Sak tee Se eR oe oe ee oe ee te ee Py Pers2tae tee oe Soa eee eee 1 

IDO) 2 cae me eet ee a ee Se eS Ne eee ERNE ad ene re See SOO PE Ee ype sore. eee eee eae ee eA A Re 1 

1D) arene ee ee Ie ee hes Eas eeu ree -abrh Fe yer bi eee Me Ne ety fewy bby gt ese Bia dys Mype wBhs hee Sesh ee a yes) oye 1 

Mubewsylvaniaor-Amperite 2-9 iis. 252.26 2 Th te ee sete eas as Type ECB alas t) es ae ee eee eee ee oe 1 

Grn dicaseeee = ee 27 bes 11g 559. es BP ees EE Sen 2 ns ee Bi 3 a Miediwmisize: ts = 4 Soe ee 2 

VAGLOLIOS mEStILE CSS RCD Hea eee eae ee re ee Se Ee ee ee ee eee I NACE MH AT RRO) Nie se se ee Se See 2 

AULCLICSMESLITE CSS aio EI aes ee ee nae ne eee ee ETE nae Ee eS eee eee eee ‘Av batteryss-volu eee 22 eee 2 

Bcilenes eB Ure ess (o308 ays s nas as) mee ee Sepa fee es Ree a he ee Bibatteny:4b-v0ltze ae eee ae. 6 

BaULe ARE UGZESS Ol 5G se ee ars ge ay Ly AR as oe hae ee @ibatterys22)4-voltsee ee ee 1 

Bakelite Molstop an GebotlOmMo fyi i= ae eee een ee eee Si yal OlloyasiigillGheSea== ==- = aan eee eae 2 

Bakelite, mounting for cable connectors___________ 42, epee Be oO ee QT y.42 byssAennCheses. = 2 eee 1 

iBTAass MOStssforspacinestopland boitomionunite: een ee ee ee ee Bob yy Won Chess? 28-4 a= seen te eek ke 4 

Brass posts, for supporting cable connector mount________________-_______________- Tibyely inchs Ses Meese eis ee eee re. Se 4 

Ev onop onesies SS 4 see. es Shl! Apis iL ell eh ae ee 4 bee ee (SeeGbG)) 24 2322-228 eda! Sat es 1 

CableyiyrexiSimplex, typevSJ, 242” insulation) ----2=--==--- 2-2 =) eee 2-CONGUCTOTLIN Onn Ope see ee 65 ft. 

Waplemcolor- coded eae ne ts arene omer ne Pam ne ee es iL ene ee ees B-cOMCUCtOR- Me ae sa ae eee ee eae ree 5 ft. 

1) OMere eee sts FS 2325s. 3 Se se a ee ee 7=CONGUCLON* “uA ee eee eee Sift: 

Antenna-coupling housing, brass or galv. iron cylinder, one end solid and other About 3% inches in diameter by 514 inches 1 

end with screw cap. long, inside measurements. 

Stuffing tubes, Submarine Signal Co. (for cables from drum and antenna-coupling 34 inch_________-_-___________-_---___-___- 4 

housing). 

Coppentubine hard/drawn!-—- = ee ee ee Sein Chikteee eee a BERLE E 18 ft. 

Insulators, house-bracket type, glazed porcelain______.__.__._-___-__---_---_-_--_-_- With single large wood screw mounting 6 

attached. 

Bakelite pabine won oscillator. colleen 2 ee ee ee ee 1S 6h yultZ inches = See 2 See ae 1 

Bakelite tubing,for antenna-couplingicoilus— se ee BI comb ively ell CCS seta ae eee 1 

Wire; solidicoppersenameled 29s. ft) Fivi eee Sere Tere) SO. ev INCOR 24t eee SIE AEP ENE eT Ay 50 ft 

IMUSCet ane OTIS mee serene mut he es ee ee I ek ee Screws, nuts, lumber, wire, solder, solder, 

lugs, and fittings. 
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653. CoMPARISON OF East Coast AND VINCENT Sono—Rapio Buoys 

From a structural standpoint the all-metal Vincent sono-radio buoy has numerous 
advantages. Because of its compactness and weight it can be easily handled on small 
survey vessels. It can be readily disassembled and stowed in a small space. The 
single-bolt clamping ring permits easy access to the interior of the drum. 

The wooden East Coast sono-radio buoy is inexpensive and easy to build and, 
despite its comparatively large surface exposed to wind and current, it has a greater 
righting moment than the all-metal type of buoy. ‘This righting moment results from 
a heavy counterweight and a considerable length of structure below the waterline. All 
this tends to make the wooden buoy long and comparatively heavy with the result 
that it can be handled only on the larger survey vessels. <A lighter model of this buoy, 
however, has been built and used successfully (see 2841). 

Although the electric circuits of the two types of sono-radio buoys differ, they are 
about equal from the standpoint of distance performance and reliability. A sono-radio 
buoy is often wanted at the same station for several months in the waters off the West 
Coast of the United States and off Alaska, and for this reason the Vincent sono-radio 

buoy is designed for a long period of operation without service. A sono-radio buoy 
used on the East Coast or Gulf Coast of the United States is normally not needed at the 
same station for very long and is therefore designed for continuous service of not much 
longer than 1 month. The cost of the electric equipment used in the two types.is about 
the same, but the cost of the wooden buoy structure is somewhat less than that of the 

all-metal type. 
654. ADJUSTMENT OF A Sono—Rapio Buoy 

Before a sono-radio buoy is put on station the gain of its audio amplifier must be 

set at the correct value to give optimum operation. The proper gain of the amplifier 
is determined as follows: 

(1) Put the sono-radio buoy on station with its gain control set at some arbitrary value. If the 

value is too low, the buoy will be insensitive and returns will not be received from bombs at the ex- 

pected distances; if the value is too high, excessive stray radio signals will be emitted by the sono- 

radio buoy. Remove the sono-radio buoy and readjust the gain to a value assumed more nearly 

correct and try it on station again. Continue this trial-and-error method until optimum gain value has 

been found. Because of the differences in characteristics of sono-radio buoys—even those of the same 

design—it is necessary to determine the proper audio-amplifier gain for each sono-radio buoy. With 

experience, it is usually possible to adjust a buoy very close to optimum value at the first or second 

attempt. It is usually necessary to do this only once for each sono-radio buoy. 

(2) After the optimum gain setting has been found by (1), the sono-radio buoy should be brought 

on board ship, and a direct or comparative measurement of the audio amplifier should be made, so 

that the value of gain to be used for this particular sono-radio buoy is known for future use. Methods 

for making such measurements are described in 6541 to 6544. 

(3) Each time before the sono-radio buoy is put on station the gain should be set at optimum 

value by means of one of the methods described in 6541 to 6544. 

6541. Gain Measurements 

The method recommended for determining the audio-amplifier gain is by direct 

measurement. This is necessary to be able to carry out (3) of 654. This method in- 
volves the introduction of a known voltage into the input of the amplifier, and the 
measurement of the resultant voltage across the output terminals of the amplifier. The 
voltage gain of the amplifier is the ratio of the output to input voltages. This may also 
be expressed in decibels, taking into account the input and output impedances. 
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When the sono-radio buoy amplifier is to be adjusted to a desired gain, it is only 
necessary to introduce a known input voltage and to adjust the gain control of the 
amplifier until the ratio of output to input voltage equals the desired value. 

6542. Apparatus for Gain Measurements 

The apparatus for making direct gain measurements or adjustments consists of 
an audio-frequency oscillator, an attenuator, and an a-c voltmeter. 

The audio-frequency vacuum-tube oscillator should be a low power type, of 4 watt 
or less, with a frequency range from 50 to 1,000 cycles. It should be reasonably stable 
in voltage amplitude and 
frequency, the latter being 
independent of load. The 
output of the oscillator Beenie 
should be single side (one ele let 
side at ground potential), 
and the output voltage 
should be controllable. The 
output impedance of the % 
oscillator should be some- 

where near that of the input FIGURE 135.—Circuit for measuring and adjusting sono-radio buoy sensitivity. 

impedance of the attenuator. 
The oscillator should be portable so that measurements can be made either in the radio 
room or on deck. The circuit of a simple oscillator-attenuator is given in figure 135. 
A number of inexpensive low power test oscillators are manufactured. 

The attenuator is an electric network whose ratio of input to output voltage can 
be definitely controlled. This ratio is always less than unity. The input voltage is 
measured by means of a low-range rectifier-type a-c voltmeter, and this input voltage 

when reduced by the known attenuation factor of the attenuator becomes the output 
voltage. The attenuation factor of the attenuator can be varied by known amounts, 
resulting in numerous known ratios. The control dials or switches of the attenuator 
should be calibrated in volts of output voltage for a fixed input voltage. If some other 
units, such as decibels, are used, a conversion table should be employed to convert 
these units into volts of output voltage. The attenuator should have a frequency range 
from 50 to more than 1,000 cycles. The output impedance should nearly equal the 
input impedance of the sono-radio buoy. The minimum controllable range of the 
attenuator output voltage should be from 10 microvolts to 100 millivolts. A satis- 
factory commercial attenuator, known as the Microvolter, is type 546-A manufactured 
by the General Radio Company of Cambridge, Massachusetts. 

An a-c voltmeter is used to measure the output voltage of the sono-radio buoy 
amplifier. This meter may be a rectifier type, such as the Weston model 301, 0-50 volt 
rectifier type with a resistance of 2,000 ohms per volt. The use of a vacuum-tube 
voltmeter is scarcely warranted since most of the measurements are of a comparative 
nature. 
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6543. Procedure for Gain Measurements 

The equipment described in 6542 is arranged as follows when used for testing sono- 
radio buoys: The output of the oscillator is connected to the input of the attenuator, 
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if separate units are used. Disconnect the hydrophone cable from the input of the 
sono-radio buoy amplifier and connect the output of the attenuator across these termi- 

nals. Remove the keying tube and connect the rectifier voltmeter across the terminals 
supplying voltage for this tube. The leads to the input and output should be as short 
as possible and in some cases should be shielded. All equipment should be grounded. 
A warm-up period of a half hour should be allowed before making measurements. 

The following measurements should be made for each sono-radio buoy after its 
optimum gain has been determined in accordance with 654(1): The oscillator fre- 
quency is adjusted to some selected value between 50 and 200 cycles or, if the amplifier 
is resonant at some frequency, the oscillator is adjusted to this resonant frequency. 
The gain control of the sono-radio buoy is set at the optimum value which has been 
determined. The attenuator is then adjusted to make the output voltage of the ampli- 

fier read some preselected reference value. This reference value should be used for all 
future measurements of all sono-radio buoys of this type. The reference voltage should 

be some value between 10 and 25 volts, or a value below amplifier saturation, so that a 
change of input voltage produces a proportional change of output voltage of the ampli- 
fier. The ratio of output to input voltage is now noted and recorded. It is this ratio 

that should be used for adjusting the gain of the sono-radio buoy in the future. 

Practically the same procedure is followed in adjusting the gain just before the 
sono-radio buoy is put on station. In this case the output voltage is set at reference 

value and the gain control of the sono-radio buoy is adjusted until the ratio of output 
to input voltages equals the value previously measured and recorded. : 

The apparatus used for direct measurements may be a permanent part of the radio- 
room testing equipment or it may be portable. The advantage of using portable instru- 
ments is that in certain cases it is not necessary to remove the sono-radio buoy equip- 
ment from the drum to make the gain adjustments and measurements. The direct 
measurement method is the most positive method now used, although it is not com- 

pletely satisfactory as it does not take into account the characteristics of the hydrophone, 

keying circuit, or radio transmitter. Changes in the characteristics of any of these 
parts may affect the performance of the sono-radio buoy, and unless the amount of 

change is known, it cannot be compensated for by the direct measurement method. 

Another undersirable feature of this method is that the measurements require consider- 
able time and care. 

A variation of the direct measurement method, which has the advantage of being 
simpler and quicker to perform, may be used to adjust a sono-radio buoy, although the 
results are not quite so positive. The apparatus for gain measurements should consist of 

an oscillator and attenuator similar to those described in 6542, except that they should be 
portable. It is not necessary to remove the electric equipment from the buoy— 
merely disconnect the hydrophone and-connect the attenuator in its place. From pre- 
vious tests as described in 654(1) the value of the input voltage to the audio amplifier 
at optimum gain, for satisfactory operation, is known. Adjust the test-circuit attenu- 
ator until this value of voltage is across the input of the amplifier. Starting with the 
gain control of the amplifier at a low value, increase the gain slowly until the radio 
transmitter just starts to operate. Repeat this operation several times until the posi- 
tion of the gain control has been accurately determined for the point of transmitter 
operation. 

The point of operation of the transmitter can be established by means of some 
indicating device coupled to the antenna circuit. Some of these devices are described 
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in 6545. The keying threshold may also be indicated by the aid of a radio receiver. 
After replacing the hydrophone, the sono-radio buoy is ready to be put on station. 

6544. Other Methods of Gain Adjustment 

A method used to a limited extent for gain adjustment is called the loud-speaker 

method. The hydrophone is placed at a fixed distance in front of a loud speaker from 
which a tone of fixed amplitude and frequency can be emitted. The gain of the sono- 

radio buoy is then adjusted to give some amplifier output voltage, or to a value which 

will just cause the radio transmitter of the unit to operate. The intensity of the sound 
from the loud speaker and its distance from the hydrophone are fixed by the value of 

gain needed by the sono-radio buoy for optimum operation as determined by 654(1). 
This method has the advantage of including all the equipment that is subject to 
change, but the measurements cannot always be accurately repeated and the method 
cannot be considered as accurate as that described in 6543. 

To make these adjustments, a loud speaker or headphones are needed near enough 

to the buoy so that a radio signal can be heard and, since the adjustments are often 
made at some distance from the radio room, an extension must be provided from the 

radio receiver—or a portable radio receiver may be used. 
A most inaccurate method, which unfortunately is frequently used, is to use a 

sound made orally or by clapping one’s hands in front of the hydrophone. The gain 

is then adjusted until the radio transmitter just starts to operate. The loudness of 
noise and the distance from the hydrophone for optimum gain adjustment are deter- 

mined by test. A variation of this method is used with the sono-radio buoy suspended 
at the ship’s rail with the hydrophone in the water. The ship’s machinery then becomes 

the source of sound. The gain of the sono-radio buoy is then adjusted as above until 
this noise causes the radio transmitter to operate. The success of this method depends 

on the judgment and experience of the technician. Its only advantages are that little 
time is consumed, no extra apparatus is needed, and the test involves all parts of the 

buoy. 
6545. Adjustment of the Radio Transmitter 

Just before a sono-radio buoy is put on station its radio-frequency circuits must 
be tuned. Most of the sono-radio buoys used by the Coast and Geodetic Survey are 
arranged so that the radio transmitter can be tuned by adjusting the circuits in the 
antenna coupler. (The other radio-frequency circuits need be tuned only occasionally, 
as they should remain in adjustment for long periods of time.) Ideally, the final tuning 

should be done after the sono-radio buoy has been put in the water, as then the antenna 
characteristics are not influenced by the metal of the ship. However, this can be done 
only from a small boat and it is time-consuming; moreover, it is difficult to make such 
adjustments from a boat, unless the sea is extremely smooth. For practical reasons then 

the final tuning must be done while the sono-radio buoy is still on board ship. 
The antenna should be vertical during the tuning, so as to be less affected by the 

metal of the vessel. A convenient method is to tune the sono-radio buoy while it is 
held over the side of the vessel, with its antenna in a vertical position, ready to be 

anchored. Another satisfactory method is to use a dummy antenna circuit which is 
equivalent to the antenna when the buoy is in the water. The advantages of this 
latter method are that the metal of the ship has no effect on the dummy antenna circuit 

and the adjustment will be nearer what is required when the sono-radio buoy is in the 
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water. The dummy antenna circuit is shown in figure 136. When this is used for 
tuning a sono-radio buoy, the antenna is disconnected and the dummy antenna con- 
nected in its place. 

Numerous methods may be ised to ndicate when the antenna and radio-frequency 
circuits are properly tuned. The 
antenna lead can be opened near the 
antenna coupler and a thermocoupled 
type of radio-frequency ammeter 

inserted. It should have a range of 
0 to 250 milliamperes or more, de- 
pending on the power used. A 
second and better method is to 
couple a low energy-absorbing circuit 
loosely to the antenna and to tune 
the radio-frequency circuits’ by not- 
ing the reading on an indicating 
meter. The energy-absorbing cir- 
cuit may consist of a coil of two turns 
of wire about 3 inches in diameter, 

connected to a rectifier-type volt- 

meter. A second circuit that is very satisfactory consists.of a short antenna connected 
to a vacuum-tube voltmeter, the antenna being loosely coupled to the antenna of the 
sono-radio buoy. 

When tuning the antenna, the radio transmitter is usually operated at reduced 
power by closing a key for this specific purpose. The condenser of the antenna-coupling 
circuit is tuned by removing the threaded plug in the antenna-coupling housing and 
inserting a screwdriver in the slotted end of the condenser shaft. The best results are 

obtained when this condenser is adjusted so that the reading on the tuning indicator 
device is a little below peak value when the condenser is on the minimum capacity side 
of peak tuning. 
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FIGURE 136.—Sono-radio buoy dummy tuning antenna. 

655. OPERATING DIFFICULTIES 

Abnormal performance of a sono-radio buoy is usually disclosed in one of two 
ways—either it is too insensitive to distant bombs, or there is an excess of stray signals. 

A subnormal range of a sono-radio buoy may be caused by: 

(a) The sono-radio buoy is located at a place where the bomb sounds are not reaching the 

hydrophone. 

(b) Insufficient audio-amplifier gain. The gain may have been improperly adjusted originally 

or may have changed because of deteriorated parts. 

(c) Faulty hydrophone. Either the electroacoustic unit is defective or water is leaki,.9 into the 

hydrophone housing or electric cable. 

(d) Weak radio signals may result from defective transmitting equipment, improper tuning, 

damaged antenna, or water leaking into the drum or antenna-coupling housing. They may also result 

from poor radio transmission conditions. 

An excess of strays may result from the following: 

(e) The audio-amplifier gain may be excessive, owing to improper gain adjustment, regeneration 

of the amplifier caused by improper design or construction, or decrease of C battery bias voltage. 

(f) Defective parts may cause electric noises in the amplifier. 

(g) Salt water leaking into the drum will sometimes cause the electrie equipment to operate, 

producing excessive strays, as a preliminary to final cessation of operation. 
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(h) The hydrophone may be fouled with other parts of the buoy, such as the anchor or relieving 

buoy cable. Noises may be caused by shackles, counterweight fastenings, or other gear. 

(i) Vessels passing near the sono-radio buoy. Noise from such a source may last from a few 

minutes to as long as an hour. 

656. HypROPHONES 

A hydrophone is a subaqueous sound-detecting device used in Radio Acoustic 
Ranging to receive the sound energy of a distant underwater bomb explosion and to 
convert the sound energy to electric energy. Most hydrophones consist of a watertight 

housing containing an electromagnetic, piezoelectric, or other electroacoustic device, 
which is coupled to the housing in such a way that the sound impinging on the housing, 
or its diaphragm, is transmitted mechanically to the electroacoustic device which 

converts this mechanical energy to electric energy. For Radio Acoustic Ranging the 

hydrophone is submerged in water at a suitable depth and connected to an audio 
amplifier by means of a waterproof electric cable. 

As sound passes through an elastic medium there is an alternate condensation 
and rarefaction of the medium at a given point, resulting in a corresponding increase 
anid decrease of the pressure at this point. In addition, at any point, the particles 

of the medium undergo regional displacement forward and backward along the direc- 
tion of sound propagation, but without any progress from this cause. (See 621.) 

Sound-detecting devices, such as hydrophones, are operated by- this pressure 

variation and particle displacement. Sound detectors designed to use the differential 
pressure of the medium caused by the sound wave are known as pressure-operated 
instruments, and those designed to be operated by particle displacement are known as 

displacement or velocity types. No instrument is exclusively operated by either 
pressure or displacement—each instrument is typed according to its predominant 
mode of operation, 1. e., either pressure or displacement. Hydrophones, like all other 

sound detectors, can be classified either as pressure or displacement instruments. 
Most hydrophones are pressure types, for this type is more sensitive because of the 

high radiation resistance of water, but displacement types are also used where the lack 
of sensitivity is compensated for by other advantages. | 

Hydrophones used on sono-radio buoys must be designed to have certain charac- 
teristics favorable for use in Radio Acoustic Ranging, which are: 

(a) The hydrophone must be reasonably sensitive. Extreme sensitivity is not necessary, how- 

ever, for the audio-amplifier gain can be increased to compensate for some lack of hydrophone sensi- 

tivity. The hydrophone and audio amplifier must be designed so that together they will furnish the 

required sensitivity. 

(b) The hydrophone must respond favorably to the frequencies of the sound from a subaqueous 

explosion. There are little quantitative data on the frequency spectrum that includes the maximum 

amount of sound energy from subaqueous explosions, or the variation in the frequency spectrum 

caused by various conditions of the medium, depth, distance, bottom, and other factors such as the 

sizes and kinds of bombs used. However, there is sufficient evidence to show that, under average 

conditions of R.A.R., the frequency of most of the sound energy is below 300 cycles. The hydro- 

phone should be designed, therefore, to favor frequencies below 300 cycles. The frequency charac- 

teristics of the hydrophone need not be flat—in fact there may be some advantage in having resonant 

characteristics. 

(c) The hydrophone must not be directive to a marked extent. An advantage might be gained 

by the use of a directive hydrophone with a sensitivity null in a vertical direction to exclude noises 

originating on or near the water surface, but most hydrophones used by the Coast and Geodetic Survey 

in R.A.R. are not intentionally made directive. 
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(d) The sensitivity of hydrophones of the same design must be uniform throughout the useful 

frequency spectrum. This is especially important in hydrophones used on sono-radio buoys, as. 

nonuniform hydrophone characteristics would require a redetermination and readjustment of the 

audio-amplifier gain each time the hydrophone of a sono-radio buoy was changed. Where all hydro- 

phones of a type have uniform characteristics the sono-radio buoys and hydrophones are interchange- 

able. 

(e) The hydrophone should be designed to minimize noises created by water currents or caused 

by the motion of the hydrophone through the water. 

(f) The hydrophone must be portable for easy handling and light so that elaborate and bulky 

supports are not. necessary. 

(g) The hydrophone must be strong and watertight, to withstand the hydrostatic pressure at 

the depth where the hydrophone is normally suspended and all the shocks to which it may be sub- 

jected during the handling of the sono-radio buoy. ‘ 

During the development of R.A.R. many experimental types of hydrophones were 

tested and a number of different designs have been used. Most of these were intended 

for use with shore stations and need not be described, since sono-radio buoys are now 

used almost exclusively. 
Two principal types of hydrophones are now used by the Coast and Geodetic 

Survey: (1) The Dorsey hydrophone—used almost everywhere on the Atlantic and Gulf 
Coasts and, since 1940, more and more in Alaska waters; and (2) the Vincent hydro- 

phones—in the past used mostly on the Pacific Coast and in Alaska waters. 

6561. Dorsey Hydrophone 

The Dorsey hydrophone is a pressure-operated device with a thin hard-rolled brass. 

diaphragm attached to a massive body which is little influenced by the sound wave. 
As the diameter of the diaphragm is small compared to the wave length of the bomb. 

sound, this unit has little or no directivity. 

The assembled hydrophone is illustrated in figure 1387. A flange near the edge of the diaphragm 

fits loosely into a circular groove cut in the heavy brass base, a circular gasket of square cross-section 
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FIGURE 137.—Dorsey hydrophone. 

fitting in the groove. The diaphragm and base are bolted together with 16 %—28 brass bolts. A 

cylindrical section of brass tube is secured by watertight soldering in a recessed part of the back of 

the base plate. The back end of the cylindrical section is closed by a rubber plug. The plug is a disk 
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of live rubber clamped between two circular brass plates by means of six 44-20 brass bolts that pass 

through the rubber. A central hole passes through the brass and rubber for the passage of an electric 

cable. When the plug is inserted in the end of the cylindrical section and the six brass nuts are 

tightened, the rubber is compressed by the plates and expands normal to the direction of compression 

to seal the opening. 

By means of an adapter an electromagnetic unit is serewed into the loose threads of a hole that 

connects the cavity behind the diaphragm with the cavity of the cylindrical section, the electro- - 

magnetic unit being in the cylindrical section. The outside diaphragm and the diaphragm of the 

electromagnetic unit are coupled by means of the air in the cavity between the diaphragms. The 

electromagnetic unit used in the Dorsey hydrophone is No. H-56741-1, made by the Automatic 

Electric Company of Chicago, Illinois. It consists of a balanced armature suspended between the 

pole pieces of a permanent electromagnet, the armature being connected to a small aluminum-alloy 

diaphragm by means of a pin. The impedance of this unit is 900 ohms. The calculated natural 

frequency of the hydrophone diaphragm in water is 141 cycles. There are additional resonant points 

because of the air cavity and the resonance of the electroacoustic unit. 

The Dorsey hydrophone was formerly used with ship stations and is now used 

almost exclusively with sono-radio buoys on the Atlantic and Gulf Coasts of the 
United States. 

6562. Suspension of the Dorsey Hydrophone 

Where the sono-radio buoy is connected to a relieving buoy that is anchored, the 

hydrophone should be suspended by a cable from the sono-radio buoy. It should be 
suspended about 7 fathoms below the water surface. This depth is not at all critical, 
but it is essential that once a depth is selected it should be used for all sono-radio buoys 

of one control scheme. Where there are strong water currents the diaphragm of the 
hydrophone should be horizontal. It is suspended thus by a yoke attached to the three 

eyebolts on the back of the base plate of the hydrophone. The upper end of the yoke 

is attached to the suspension cable which in turn is attached to the sono-radio buoy. 
Where the water currents are weak there is some advantage in keeping the diaphragm 
of the hydrophone vertical. It is suspended thus by a yoke attached to only two of 
the three eyebolts on the back plate of the hydrophone. 

The suspension cable should be suitable %-inch flexible cable. The electric cable 
from the buoy to the hydrophone should be Tyrex Simplex, type SJ, No. 16, two- 

conductor, with %e-inch insulation, or equal. The electric cable is lashed to the sus- 
pension cable at 2-foot intervals, leaving slack in the electric cable between lashings 

to avoid any strain on it. Other details of this hydrophone suspension are described in 
2841(A). 

Where the sono-radio buoy is anchored without an intermediate relieving buoy, 
the hydrophone should be suspended from the anchor cable in such a way as to avoid 

fouling. The hydrophone may be suspended in the center of a triangular frame of 
angle iron by means of six rubber straps, two straps to each side of the triangle. The 

frame may be made of angle iron 1% inches wide by % inch thick, the length of each 
side being 35 inches. For suspension, one side of the triangle is clamped to the anchor 

cable at a distance of about 45 feet from where the cable joins the buoy. The electric 
cable is fastened to the anchor cable at 2-foot intervals. The electric cable should be 

parceled to protect it from chafing against the anchor cable or any part of the buoy. 

6563. Vincent Hydrophones 

There are several models of Vincent hydrophones, whoge principles of operation 
are very similar, although they differ in size, material, and construction. 
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The housing of one of the first Vincent hydrophones was of cast aluminum and it had the following 

dimensions: 
Inches Inches 
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The air pressure inside the housing is increased to counteract partly the hydrostatic pressure. 

An electromagnetic unit is mounted by a single screw on the center of the bottom of the housing. 

The motion of the housing is transmitted to the armature of the electromagnetic unit by a system of 

levers, relative motion between the armature and the pole pieces occurring because of the inertia of the 

electromagnetic unit. The electroacoustic unit that has been most frequently used in this hydro- 

phone is made by Nathaniel Baldwin of Salt Lake City, Utah. But various other kinds of electro- 

acoustic units and a specially adapted piezoelectric unit have also been used. 

Comparative tests show that the Vincent hydrophone is somewhat less sensitive 

than the Dorsey hydrophone, but this can be easily compensated for by the use of 
additional audio amplification (see 656 (a)). One of the advantages of the Vincent hydro- 

phone is that it is inexpensive and easy to construct. It was first used at R.A.R. 

shore stations, but was readily adapted for use with sono-radio buoys. 

A smaller Vincent hydrophone was designed especially for use with sono-radio buoys. The hous- 

ing is a small cylinder bored from a solid rod of Duralumin. One end of the cylinder is solid, the other 

being fitted with a watertight rubber plug. The electroacoustic unit is mounted on the inside bottom 

of the housing. This hydrophone has been submerged to 150 fathoms without injury. This hydro- 

phone and the rubber sheath and cast-iron shell in which it is usually enclosed for use in R.A.R. 
(see 6564) are illustrated in figure 138. The housing of the unit has the following dimensions: 

Inches Inches 
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The electroacoustic unit used is an electromagnetic type, made by the Automatic Electric 

Company. It has an impedance of 900 ohms. 

6564. Suspension of Vincent Hydrophones 

The large Vincent hydrophone may be suspended from a sono-radio buoy in one of 

two ways. One method is to hang the unit directly below the buoy at the desired 
depth by means of acable. A clamp is placed around the housing to which the support- 
ing cable is connected, and to the bottom of which a weight is attached sufficient to keep 

the hydrophone submerged. The electric cable is lashed to the supporting cable at 
regular intervals. Parceling must be used wherever there is a possibility of chafing 

between the electric cable and other gear. 
Another method of suspension is to anchor the hydrophone separately. The 

buoyant hydrophone is attached to its own 50-pound anchor above which it floats 

submerged 4 or 5 fathoms above the bottom. The anchors of the hydrophone and the 

sono-radio buoy are connected by a cable, and the hydrophone is electrically connected 
to the sono-radio buoy by a rubber-covered electric cable lashed to both anchors and 
along the sono-radio buoy anchor cable. The electric cable is run through rubber hose 
to protect it from chafing against the bottom or the anchors. The distance between the 
anchors should be about 150 feet. 

The entire assembly must be prepared in advance—the hydrophone anchor with 
hydrophone attached is lowered first, the cable connecting it with the buoy anchor 
is stretched taut, and then the buoy anchor is lowered from the vessel. 
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Of the two methods of hydrophone suspension, the first simplifies the operation of 
anchoring and removing the sono-radio buoy. The second method eliminates water 
noises to a large extent, and the distances at which the installation can be used in R.A.R. 

are comparable with those from shore stations. The second method should be used for 
sono-radio buoys that are to be left at the same station for several months and where 

hydrography is to be controlled at long distances from the sono-radio buoy. 
The electric cable used with the Vincent hydrophones is a single-conductor tinned 

aircraft wire, *5 inch in diameter, preformed 49-strand (7 by 7), insulated with a 
60 percent rubber compound, the outer diameter being ' inch. 
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FIGURE 138.— Vincent sono-radio buoy hydrophone. 

The small duralumin Vincent hydrophone is suspended directly below the buoy. 
The housing of this unit is enclosed in a rubber sheath (K-tube unit rubber housing, 
see 5213) and the whole is put into a cast-iron shell approximately 12 inches in length and 
4% inches in diameter. The shell is a hollow cylinder rounded at one end and open at 

the other. The hydrophone unit and rubber sheath are placed in the shell so that the 
flat end of the hydrophone is nearest the opening, the electric cable entering through a 

hole in the rounded end of the shell. The suspension cable is secured to an eyebolt 
attached to the shell. (See fig. 138.) The shell is intended to hang horizontally and 
to afford some streamlining. It has been used successfully in strong currents. 

6565. Tests and Maintenance of Hydrophones 

Although quantitative measurements of hydrophone characteristics would be 
valuable, they are not attempted because they would require equipment whose use is 

not practicable on board most survey ships. However, certain tests should be made, 
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before a sono-radio buoy is put in the water, to determine if the hydrophone is operating 
normally. 

Before the hydrophone is attached to the sono-radio buoy, a continuity test should 
be made of the windings of the electroacoustic unit, and leakage measurements should 

be made between each wire of the electric cable and the hydrophone case, neither 
wire being grounded. Next, connect a low-voltage high-impedance rectifier-type 
voltmeter across the hydrophone wires and tap the hydrophone gently, noting the volt- 

meter peak reading. The normal peak voltage should be determined by experiment for 
each type of hydrophone. The choice of meter depends on the impedance of the elec- 
troacoustic unit. Even units of low impedance will show a reading on a sufficiently sen- 
sitive commercial type of high-impedance voltmeter. 

The most frequent cause of hydrophone failure is leakage, usually due to improper 
assembly of the hydrophone. If the outside diaphragm of the Dorsey hydrophone is 
removed, a new rubbber gasket should be used and fitted carefully into the annular chan- 
nel when the diaphragm is replaced. The 16 stud bolts are then tightened evenly until 
the outer edges of the diaphragm and the base plate meet. When the rubber plug is 
replaced in a hydrophone that uses such a plug, the compression bolts should be tight- 
ened, but they should be given a final tightening just before the sono-radio buoy is 
put in the water. 

If water leaks into a hydrophone, disassemble it completely and wash all parts 

thoroughly in a solution of hot water and soda, after which they must be rinsed in fresh 
water and dried. 

A sharp mechanical blow, or the explosion of a bomb too close to the hydrophone, 
may force the armature of the electromagnetic unit against one of the pole pieces. To 

rectify this, the unit must be removed and the armature rebalanced either by carefully 

bending it back into place or by means of an adjustment screw if one is provided. 

66. R.A.R. BOMBS AND EXPLOSIVES 

In Radio Acoustic Ranging (R.A.R.) a sound must be created that will travel in 

the water in all directions so that it may reach a receiving unit located in any direction 
from the source. An explosive type of bomb has been used for this purpose from the 

beginning, and it still seems best adapted. A sound of great intensity is required, and 

no electric or mechanical means has yet been found to produce a subaqueous sound of 
intensity sufficient for the distances required. 

Although explosives are a hazard on board ship, their use is necessary in R.A.R. 
pending the development of another method of producing the required subaqueous sound. 

But if explosives are properly stowed and thoroughly understood by the personnel 
detailed to handle them, the hazard may be minimized and the explosives may be 
carried and handled on board with little risk of accident. Only the explosives and 
accessories generally used in R.A.R. are described, together with the required methods 
of stowage and the necessary precautions to be exercised in the handling of explosives 
on board ship. 

661. Types oF Bomss 

Any type of explosive suitable for use under water may be used for R.A.R. bombs. 

Dynamite has been used with satisfactory results, but it is unstable and more dangerous 

than TNT and should be used only as a substitute when TNT is not obtainable. 
Trinitrotoluene (TNT) is in general use for R.A.R. bombs. It is stable, offers no 

difficult stowage problems, and is well adapted for the construction of bombs on board 
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ship. The types of bombs differ only in the type of containers and in the method of 
detonation. 

In the early development of R.A.R., bombs were exploded electrically by closing 

two switches, an ordinary electric switch located in the radio room and a safety switch 
near the bombing station (see 6841). The bombs were towed about 200 feet astern of 

the ship by a rope to which was attached a twin-conductor cable which carried the 
current to explode the electric detonator. The bomb was suspended from a 5-gallon 

can buoy and weighted with a 15-pound lead sinker. Although electric detonation is 
a positive means of exploding bombs at any desired depth, it is no longer used in R.A.R., 

except for experimental purposes when the exact time of the explosion must be recorded 

(see 664). Electric bombs require excessive time to prepare, the survey vessel must 
stop or slow down while they are fired, and it is difficult to keep track of whether the 
two electric switches are open or closed. 

The types of bombs in general use are exploded by a fuse and a fuse detonator that 
is inserted into the TNT through a suitable hole in the container. This type of bomb is 
simple to construct and requires no preliminary preparations, and as soon as the fuse 
is ignited the bomb is thrown overboard. 

662. Bomsp CONTAINERS 

For best results a bomb container should be made of a rigid material so that the 
detonation of the explosive will be complete before the container bursts. If the ex- 

plosive gases are thus restrained until the detonation is complete, the resulting explosion 
produces a highly compressed sound wave that has a greater range than one from an 
explosion in a container that is easily shattered. Ordinary glass bottles, tin cans, and 

special cast-iron spheres are used for bomb containers. 

Commercial glass bottles are satisfactory, except that in the required sizes they are 

generally not well shaped for the purpose, and it is often difficult to insert the detonator 

securely. The cast-iron spheres are used on special occasions, but they are heavy 

and expensive, for they must be specially cast in rather small quantities at foundries 
which are often inconveniently located. Tin cans of various sizes are in general use 
because they are inexpensive and they may be readily obtained. A better container is 
desirable, however, and it is possible that a heavy glass sphere may be specially designed 

for use as a bomb container. 
The iron spheres are usually cast with walls % inch thick, with an outside diameter 

of 744 inches, and with one flat surface about 2% inches in diameter on which they will 

sit upright. They are provided with a hole suitably arranged so that a stopper with a 
fuse hole may be inserted therein. A bomb of this design and size will contain about 

4 pounds of explosive. A smaller cast-iron bomb of identical design is sometimes used. 

It is only 4%4 inches in diameter and contains about 1 pound of explosive. 

The cans used for bomb containers are the ordinary commercial type with a friction 
top; they need not be tinned if an untinned metal can is available and less expensive. 

Various sizes are used depending on the characteristics of the area and the distance 
from the receiving units. Three sizes are commonly used, of 4-, %-, and 1-pint capaci- 

ties, which will contain about \-, -, and 1-pound of explosive, respectively. A }-pint 
size is occasionally used for very short distances but it is only a little more effective 
than a detonator used alone. A quart size is also occasionally used for very long 

distances but it is generally little more effective than the pint size. 
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For the best transmission of sound, the bombs should not explode too close to the 

surface of the water. An additional weight must be placed in tin can bombs to make 
them sink deeper before they explode. Pieces of scrap metal have been used for this 
purpose and dry sand and concrete have also been used. The quantity of sand required 
to make the bombs sink to a sufficient depth reduces the explosive capacity, but this 
results in very little apparent difference in the effective range. Melted pig lead is 
usually used to weight the tin containers, however, the quantity required varying with 
the size of the container. About 13.5 ounces of lead is required to weight a 1-pint 
bomb, and a proportional weight for other sizes. This proportion of lead is sufficient 

to make the various sizes of bombs sink at a rate of about % fathom per second. (See 

6846.) 
A hole, slightly larger in diameter than the detonator, is punched with a round metal 

tool in each tin can top. This hole is punched from the inside of the top so that the 
burs left around the hole will be on top when the lid is in place. The detonator, with 
fuse attached, is inserted into the TNT through this hole. The fuse protrudes through 
the hole, the burs being pressed around it to hold it in place and to seal the can 
somewhat. 

663. CONSTRUCTION OF BomBs 

Bombs are generally constructed in two or three separate operations; they are 

prepared for use in a preliminary operation but are finally completed only just before 
being ignited and thrown overboard (see 6842). If the bombs are weighted with sand 
or scrap metal there is only one preliminary operation, for the container may be filled 
with TNT immediately after the weights are placed in the cans—but if they are weighted 
with melted pig lead, the lead must be allowed to cool before the TNT is added. 

Where melted pig lead is used for weighting, the tin cans should be prepared while 

in port to avoid the possible fire hazard on board ship, and in such case as many cans 
of various sizes should be weighted as will probably be needed during the next month, 
assuming there is sufficient stowage space. However, if there is a suitable fireproof area. 
in the fiddley, or elsewhere, the cans may be weighted on board. The pig lead, after 
being cut into pieces that will go in the melting pot, is melted over a suitable forge or 
large gasoline blowtorch. The cans are set in a shallow tray containing about one-half 
inch of water and the melted lead is poured into each as required to furnish the nec- 
essary weight. An experienced man will be able to estimate the required amount 

within satisfactory limits. 
After the cans have cooled to atmospheric temperature they may be filled with 

TNT. Only a sufficient number to fill the bomb locker (see 6841) should be prepared 
at one time. Most port regulations forbid the handling of any type of high explosive 
in the harbor, so the containers must be filled while at sea. This should be done during 

good weather in a protected spark-free space on deck, on the lee side if possible, and the 
space should be surrounded on three sides with a canvas windbreak to prevent the 

scattering of loose grains of TNT. The deck should be covered with heavy canvas so 
that it will not be impregnated with TNT (see 666). 

The cans are usually filled from an open box of TNT by a man wearing a special 

pair of long heavy rubber gloves to protect his hands and arms. A dust mask is also 
advisable, for TNT is injurious to the respiratory system if inhaled. (See 666.) Each 
can is filled gradually, the TNT being compacted firmly into the can in the process. 
To be certain of detonation the TNT must be firmly packed in the container. A 
wooden implement, similar to a potato masher, with a flat bottom and a diameter 
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slightly smaller than the opening in the can, should be used, although hand packing is 
satisfactory. After the cans have been filled, the punched tops (see 662) are pressed 
on, the excess TNT is removed, and the preliminary preparation of the bombs has been 

completed. 
TNT should be poured through a funnel into any container with a small hole. A 

small stick may be used to pack the loose TNT and, after packing, the container is again 
filled and repacked, and the procedure is repeated until the container is fully packed. 

A number of containers may be filled with TNT before the bombs are needed, but 
detonators and fuses must never, under any circumstances, be inserted at this time. 

The filled bombs are stored in a carefully selected safe place, but the detonators are not 
inserted until just before a bomb is to be used (see 6842.) 

The approximate cost of the materials in the different size tin can bombs in 1940 
was as follows: 

Size Container TNT Fuse Lead Detonator Total cost 

Ppa AG 1. 3¢ 2. 5¢ 0. 5¢ 0. 6¢ ive 6. 6¢ 

Ahn pe VPs Ee Oe LAS 5. 0 0.5 L592 LEG 9.9 

J 0s 0. * Sa ee 2.3 10. 0 0.5 2.4 Les, 16. 9 

HGsprOTAG AE Aes 2d 2.5 20. 0 0.6 4.8 2.2 30. 1 

JER VCO A Pan ae a On 3.5 40. 0 0.6 9.5 4,4 58. 0 

The above costs are based on the following prices: Pig lead at 5.6¢ per pound; 

TNT at 20¢ per pound; No.6 detonators at $17.00 a thousand; No.8 detonators at 
$22.00 a thousand; fuse at $6.30 a thousand feet. 

664. DEEP-SEA BomsB 
SINGLE CONDUCTOR, 

RUBBER INSULATED CABLE 

CONNECTED TO 

BRASS SCREW AND NUTS 

In R.A.R., bombs are usually made to ex- 
plode approximately at the depth of the hydro- 
phone (see 6843), but under certain conditions 

and in experimental investigations it is some- 
times desired to explode bombs at great 
depths. The best way of doing this is with an 
electric detonator, for TNT bombs cannot be AND TWO NUTS 
detonated by fuse in depths of water much i 
greater than 25 fathoms. Below this depth the 
increased pressure prevents the powder train 
in the fuse from burning and misfires result. 
It is possible to protect the fuse in a capped 
pipe screwed into a metal bomb container, but 
the construction is expensive and time-con- 
suming. - 

The type of bomb illustrated in figure 139 
has been successfully detonated at a depth of 
700 fathoms. Any type of heavy glass bottle 
or thick metal container, with an opening into 
which a rubber stopper may be inserted, may 
be used in its construction. One of the electric MiGUE ENED EBompitdn deapiletanation: 
leads of the detonator is attached to the head 
of a brass screw (No. 8-32) which passes through the stopper. The other lead passes 
between the stopper, which is slightly grooved, and the container, to make contact with 

RUBBER TAPE 

PARA RUBBER TAPE 

SECOND DETONATOR 

LEAD EXPOSED 

TO WATER 

HEAVY GLASS 

OR METAL CONTAINER 
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the surrounding water; a piece of metal may be attached to this wire to increase the 
surface area. The brass screw has two nuts, the lower of which is tightened to expand 
the stopper and to hold it firmly in the container. A single-conductor cable is con- 
nected to the brass screw by the upper nut, and the screw thus forms part of the con- 

ductor to the detonator. This connection at the top of the screw must be well insulated 

from the water. The exposed areas should be completely covered with Pardé-rubber 
tape, which is then covered with ordinary rubber tape. As an added precaution, the 
junctions of the tape with the conductor cable and the container may be sealed with 
collodion or any other sealing compound, although this is probably unnecessary. 

This type of bomb may be weighted, if necessary, by attaching a piece of Manila 
line to the conductor cable about 4 feet above the bomb, the line being long enough to 
allow the weight to hang below the bomb. The strength of the conductor cable must be 
considered, for too heavy a weight might part the wire in some types of cable. 

665. STORAGE OF BomBs 

Bomb containers filled with TNT should be stowed in a safe place on board and 

receive the same care as the supply of explosives (see 666). The bomb locker should be 

large enough to stow the number of bombs required for about one week’s operations. 
If its size is inadequate, the prepared bombs should be stowed in a locked magazine, 

if one is available, or in a locker provided on the upper deck near the stern. 
No explosives shall be permitted on board while the ship is undergoing repairs. 

During any extensive lay-up period, the supply of TNT, detonators, and all prepared 

bombs should be boxed and arrangements should be made to stow them at the nearest 

United States Army or Navy ammunition dump. Arrangements can generally be 
made for an ammunition barge and tug to transport these supplies to the dump. If 

the amount of explosives and the number of detonators remaining at the end of a sea- 

son’s work is small, they should be thrown overboard at sea in deep water. 

666. TRINITROTOLUENE (TNT) 

Trinitrotoluene, commonly called TNT, is used in making the bombs used for 

R.A.R. It is one of the safest high explosives. It is relatively safe to handle and 

stow on board ship, it does not readily absorb and retain moisture, it lacks any tendency 
to form unstable compounds with metal, it is practically insoluble in water; and it 
possesses powerful explosive properties, so that a small quantity of it will produce the 

sound wave of high intensity required for R.A.R. Properly purified TNT, when 
correctly stowed, remains stable for long periods of time; but it will react with alkalis, 
such as sodium hydroxide or sodium carbonate, to form unstable sodium salts which 

are quite sensitive. : 
TNT is manufactured by various processes, all of which involve the nitration, 

by a mixture of nitric and sulphuric acids, of toluene, a hydrocarbon derived from 
various tars. It is a crystalline powder, resembling powdered brown sugar in appear- 
ance, although in different grades of refinement its color and appearance vary. The 

most refined grade, grade A, is pale yellow in color, but grade B, a less refined product, 
contains more impurities and is darker, sometimes reddish brown in color. Both 

grades may be obtained from the United States Navy; grade A should be used. 

Although not quite as satisfactory, grade B may be substituted when grade A is not 

obtainable. 
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TNT has a high chemical stability, even when subjected to a temperature as 
high as 65° C. for a considerable period. At 180° C. there is a slow evolution of gas 
and at 300° C. it ignites. When a small unconfined quantity is ignited, it burns 
slowly, giving forth a dense black smoke. It is quite insensitive to friction or ordinary 
shock, but it can be detonated by severe impact between metal surfaces or by a rifle 
bullet. 

TNT, in crystalline form, is readily exploded with a No. 6 detonator. When 
compressed to a high density (packed by hand, its density may range from 0.75 to 
1.0) a No. 8 detonator is required, and when cast in blocks a booster charge of crys- 
talline TNT or other sensitive explosive is necessary to obtain detonation. In 

R.A.R., a No. 6 detonator will serve satisfactorily to explode 4- and - pint bombs, but 

a No. 8 detonator is required to explode consistently 1-pint and 1-quart bombs. The 
latter sometimes fail to explode even when a No. 8 detonator is used, because the tops 

of the cans may be blown off before the TNT is detonated. It is sometimes possible to 
facilitate detonation either by securing the tops more firmly or by placing one or two 

extra detonators in the TNT adjacent to the detonator in which the fuse is inserted. 

All TNT is poisonous under certain conditions and proper precautions must be 

taken by those handling it to avoid inhaling the dust and to avoid unnecessary contact 
with it. The place where it is to be handled must be well ventilated, and the use 

of a dust mask is advised. Rubber gloves should be worn, or the hands may be pro- 
tected by washing them in advance in a lotion which is made as follows: ; 

To % ounce of borax, placed in a boiler, add 280 cubic centimeters of distilled water. Heat to a boiling point, then add 

2.2 ounces of casein. After the casein is dissolved, add an additional 2&0 cubic centimeters of distilled water and let cool. When this 

solution is placed on the hands and allowed to dry, it closes and protects the pores. 

Clothing that has become impregnated with TNT must not be worn thereafter. 

Boxes in which TNT is supplied, especially grade B, become impregnated in time. 
This does not reduce the effectiveness of the explosive, but the boxes become highly 

inflammable and, if sufficiently impregnated, they may be exploded in a manner 

similar to low-grade dynamite. Therefore, TNT must not be left in contact with 
wooden parts of the ship for any period of time, and the wooden boxes in which it is 

packed must be disposed of promptly after they are emptied. 
TNT should be handled as little as possible and kept free from dust, oil, acid, and 

alkali. It should be kept dry and not exposed to direct sunlight or subjected to high 

temperature. In case of a serious fire near TNT, a violent explosion is likely. 
If the vessel has an ammunition magazine, the supply of TNT must be stowed in 

itat all times. The flooding system of the magazine should always be in proper working 

order and the temperature in the magazine should be taken frequently enough to 
detect any important change. Nothing except explosives and bombs shall be kept 

in the magazine. Prepared bombs should be stored in boxes or secured in racks. 

The magazine shall be opened only with the permission of the executive officer, who 
shall have charge of the key. Whenever the magazine is open it shall be under the 
constant supervision of the chief bomber (see 6714). 

If the vessel is not provided with a magazine, the TNT supply should be stowed 
in a locker, lined with an inert metal such as copper, zinc, or lead, from which sparks 
cannot be struck. This locker should be constructed and secured on the afterdeck of 
the ship in a mannér so that it can be thrown overboard quickly and easily in case of a 

serious fire on board. 
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Handling of explosives shall be kept at a minjmum. The handling of large 
quantities of explosives and their stowage in the magazine shall be carefully supervised 
by an officer who shall permit no relaxation of any safety measures. 

667. DETONATORS 

High explosives are fired by means of intermediate agents known as detonators. 

These are small copper tubes, partly filled with a small charge of a powerful explosive 
which serves as a primer to detonate the principal explosive by a combination of shock 
and intense heat. There are two general types of detonators; one that is set off by an 

electric current, and another that is made for use with a fuse. The fuse detonators 
are more commonly used in R.A.R. because they are more convenient, and with them 
bombs may be fired from a moving vessel without an elaborate towing apparatus. 
Electric detonators are sometimes used for experimental purposes (see 664). 

Fuse detonators are small copper cylinders, closed at one end, partly filled with a 
charge of fulminate of mercury that is exploded by the train of sparks spit from a 
burning fuse inserted into the open end. Detonators are manufactured in two 
strengths, No. 6 and No. 8, the latter being the stronger. The No. 6 detonator is 
1% inches long and contains 1 gram of explosive; the No. 8 is 1% inches long and con- 
tains 2 grams of explosive; both have the same diameter, approximately % inch. 

Fulminate of mercury is a very sensitive and violent explosive; it is readily deto- 
nated by friction, shock, sparks, or sulphuric or nitric acid. In its pure state it is only 
shghtly soluble in water, but in a mixture, as used in detonators, moisture is absorbed 
readily and the sensitivity is decreased when it becomes damp. 

Electric detonators are exploded by the passage of an electric current that heats 
and ruptures a wire bridge, which is inserted into the explosive charge, joining the two 
conductor wires. They, also, are made of fulminate of mercury, and in the same 
strengths as fuse detonators, 1. e., No. 6 and No. 8. A number of different types of 
electric detonators are manufactured, but only a special waterproof type is suitable for 
use in water. The latter differs from other electric detonators in that it is made longer 
to allow more space for waterproofing compound, and the wires are copper and are 

coated with enamel so that if water penetrates the cotton insulation it cannot reach 
the copper. Electric connections should be made at the tinned ends, but if the wires 

have to be cut to shorten them, the enameled insulation as well as the cotton insula- 
tion must be scraped off. Electric detonators may be obtained with wire leads of vari- 
ous lengths from 4 to 20 feet, and longer lengths of wire may be obtained if ordered 
specially. 

When ordinary electric detonators are fired by a current of about 1.5 amperes, 
there is a lag of 0.0073 second in the elapsed time from the application of the current 
to the rupture of the wire bridge and an induction period (the elapsed time from the 
rupture of the wire bridge to the explosion of the detonator) of 0.0069 second. The 
sum of these is a lag of 0.0142 second between closing the circuit and detonation, which 
is appreciable in experimental investigations. A special electric detonator (Du Pont 

‘““SSS”’), developed for seismic use, should be used for experimental purposes. In this 
type of detonator the induction period is eliminated and the delay in rupture of the 
bridge is reduced to 0.0035 second when a current of 1.5 amperes:is used. Increased 
amperage reduces the time delay considerably. 

All detonators must be stowed in a safe place, as far removed from the magazine 

or the bomb locker on deck as convenient. They may be stowed in a watertight metal 
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box, secured to the rail in such a manner that it can be thrown overboard readily in 
case of fire or other danger. The box should be felt lined or otherwise cushioned on 
the bottom and all four sides to eliminate the possibility of shock. The fuse detonators 
must be kept in the tin box in which they are supplied, with the small square of felt 

covering them to protect them from the metal lid. Electric detonators should be 
enclosed in a soft cloth and protected with the same care as fuse detonators. 

668. FUSE 

Standard commercial, slow burning, waterproof safety fuse is used to fire the 

detonators in bombs used in R.A.R. It has a core of slow burning powder, either afree 
core or a solid core, in the center of several layers of jute or similar material, the outside 
of which is coated with a waterproofing compound. A number of different brands of 
safety fuse are manufactured for use under different conditions and in different areas. 
Most of the brands marketed on the Atlantic Coast are manufactured to burn at a rate 
of 1 foot in 30 seconds in air, but one sold under the trade name ‘‘Clover Brand,”’ 
manufactured by the Ensign-Bickford Company of Simsbury, Connecticut, burns at the 

rate of 1 foot in 40 seconds in air. The latter is the rate of burning of the brands of 
safety fuse marketed on the Pacific Coast in 1939. 

The manufacturers of safety fuse do not guarantee the burning rate, because alti- 
tude, weather conditions, care in handling, and other factors may affect the rate. 
Hach coil of fuse for R.A.R. bombs should be tested, preferably in water, to determine 
the rate of burning before it is used. In water under the pressure at the depth of 
5 fathoms, fuse will generally burn about one-third faster than in air. 

Some brands of safety fuse are especially manufactured for use in water. It 
should be noted that, although these will burn in water, they will not withstand pro- 

longed wetting, especially under pressure. The fuse that is selected for use in R.A.R. 

should, of course, be waterproof and burn at a slow rate, and preferably it should be 
of the solid core variety. 

Fuse should be stowed in a cool dry place, at temperatures between 45° and 75° F. 

If a common salt shaker containing table salt is placed in the stowage place for about 72 
hours and the salt remains dry enough to be shaken out at the end of this time, the place 
is sufficiently dry for stowage. Fuse deteriorates with age and not more than a 2- or 
3-month supply should be purchased at one time. It should be left in its original con- 
tainer and should not be cut into short lengths until just before use, for if the powder 
grains fall out of the cut ends, lighting may be difficult and misfires may result. 

669. PRECAUTIONS IN HANDLING EXPLOSIVES 

The general methods to be used and the precautions to be observed while handling 
explosives are described in 661 to 668 inclusive. The important DONT’S to be 
observed for safe handling of explosives, selected from the recommendations of the 
Institute of Makers of Explosives and amplified for special application to the use of 
explosives in R.A.R. are listed and must be observed for safety in handling explosives 
on board ship. 

(1) DON’T stow explosives in a wet or damp place—they should be stowed where it is clean, cool, 
dry, and well ventilated. 

(2) DON’T stow detonators in or near a magazine or locker containing other explosives. 
(3) DON’T open cases of explosives in a magazine. 

(4) DON’T use any metal tool for opening cases containing explosives—use only wooden wedges 
and wooden, fiber, or rubber mallets. 

465382—44——41 
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(5) DON’T throw down packages of explosives, or slide them along deck or over each other, or 
handle them roughly in any manner. 

(6) DON’T SMOKE while using or handling any explosive—smoking must be prohibited in the 
vicinity. 

(7) DON’T permit matches in the vicinity while handling explosives. 

(8) DON’T handle explosives near open lights, open fire or flame, or sparks. 

(9) DON’T handle TNT with bare hands—rubber gloves or other methods of protection must 

be used. 

(10) DON’T fill bomb containers in an inadequately ventilated place. 
(11) DON’T leave packages of explosives unprotected. 

(12) DON’T expose explosives or detonators to the direct rays of the sun. 

(13) DON’T attempt to extract detonators from a box by inserting a wire, nail, or other sharp 

instrument. 

(14) DON’T attempt to remove or investigate the contents of a detonator. 

(15) DON’T carry detonators in the pockets of clothing. 

(16) DON’T try to withdraw the wires from an electric detonator. 

(17) DON’T tap or otherwise investigate detonators. 

(18) DON’T investigate misfires in electric detonators—cut an unexploded bomb adrift without 
bringing it on board. 

(19) DON’T stow fuse in a hot place. Heat may injure the fuse and cause the waterproofing 

material to damage the powder train. 

(20) DON’T handle fuse carelessly in cold weather. When cold it is stiff and breaks easily. It 
should be warmed slightly before use. 

(21) DON’T use short fuses. Cut fuse sufficiently long to allow time for the end to seal before the 

bomb is thrown overboard and to permit the bomb to sink to the desired depth of detonation. The 

rate of burning should be determined for each coil of fuse. 

(22) DON’T cut fuse on a slant—cut it square across. At the beginning of bombing operations 

cut off an inch or two of fuse to ensure having a fresh end inserted in the detonator. See that the fuse 

is seated against the charge in the detonator before crimping. 

(23) DON’T crimp detonators around the fuse with a knife blade or with the teeth—use only a 

suitable crimping tool. 

(24) DON’T attempt to light fuse with burning paper or other inflammable material—use only 

an electric heating unit or other safe device (see 6841 and 6844). 

(25) DON’T use empty explosive boxes for kindling. 

67. SHIP PERSONNEL AND EQUIPMENT 

671. PERSONNEL ORGANIZATION 

The organization and duties of the personnel of a hydrographic survey party using 
R.A.R. are entirely different from those required for other methods of control (see 142, 
table 2, and 341). In R.A.R. the data are available for use in plotting only after an 
appreciable length of time after the time of the position, and the operations and per- 

sonnel are organized to reduce this interval toa minimum. Coordination and coopera- 
tion are essential and it is important that all personnel perform their duties with perfect 
timing. ; 

For operations during daylight hours only, the personnel of a vessel are usually 
organized into two watches, each of which consists of an officer in direct charge of 
operations, a chronograph attendant, a recorder, a radio technician, and a bomber, in 
addition to the fathometer attendant, quartermaster, helmsman, and other members 
of the watch. For continuous operations on a 24-hour basis, personnel for three watches 
are required; the watch periods may be rotated daily, or as desired, so that the same 
personnel do not stand the same watches for extended periods of time. When sufficient 
experienced personnel are available, the officer-in-charge and the chronograph attend- 
ant, who is usually an officer, may exchange duties. At night, during fog, and during 
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generally reduced visibility, in addition to the usual bow lookout, an additional watch 
officer is required whose sole duty is to look out for the safety of the vessel. 

Where R.A.R. shore stations are used, a radio technician is required at each 
station and, if living accommodations are not available near the station, an additional 
man is needed to serve as cook and helper. 

An officer, stationed at the plotting table, is in direct charge of all operations, 
under the general supervision of the Commanding Officer. The plotting table should 
be located on the bridge so that the officer-in-charge may supervise the navigation of 

the ship, log readings, taking the soundings, etc. Where this is impracticable, the plot- 
ting is done in a drafting room and an additional watch officer must be stationed on 
the bridge to supervise the sounding, the observation of supplemental data, and the 
navigation, making such changes in course as are ordered by the officer-in-charge over 
the communication system. 

6711. Officer-in-Charge 

The officer-in-charge plots the position of the ship after the time intervals have 

been obtained and have been relayed to him by the chronograph attendant over the 
communication system, or by messenger. The data are recorded by the officer-in- 

charge on Form 722, R.A.R. and Dead Reckoning Abstract (see 8312), on which are 

also recorded other position data for temporary field use, when the form is used. From 

the R.A.R. data he plots the position of the ship, using the time or log distancés 
between successive positions as a check. After the position is plotted, a change in 
course is ordered, if necessary. When time permits, the positions are inked on the 
sheet, after their accuracy has been verified. A carbon copy of the soundings, includ- 
ing the position numbers and times, is made by the recorder by inserting a narrow 
slip of paper and carbon paper beneath that part of the Sounding Record page. The 
soundings are reduced for predicted tide and the reduced soundings are inked on the 
boat sheet by the officer-in-charge as the carbon copies become available. An addi- 
tional man may be required to reduce the soundings and record the data on the R.A.R. 
abstract if the interval between positions is short, but these duties can usually be 
performed by the officer-in-charge. 

6712. Chronograph Attendant 

The chronograph attendant is stationed at the chronograph which must be located 

in or adjacent to the radio room. ‘The officer-in-charge decides on the interval between 
positions and usually instructs the chronograph attendant to this effect. The latter 
then orders the bombs by a system of signal bells (6741) to the bombing station located 

on the afterdeck of the vessel. On some vessels the signal for the bomb may originate 

at the plotting station, or on the bridge. At the “‘bomb over” signal from the bomber, 
the chronograph is started and the chronograph attendant attends it while the returns 
are being recorded on the tape (see 6851), measures the returns (see 6853), and records 

them in the Bomb Record (see 8311). He also times the ship’s run from the ‘‘bomb 
over” signal to the explosion, unless this is automatically registered on the tape (see 
6813), and records it. He reports the results over the communication system to the 
plotting station where they are received by the officer-in-charge, who uses them to plot 
the position. 

The general operations of bombing and receiving the returns are supervised by the 
chronograph attendant. He has direct supervision over the radio technician and the 
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bomber, but the interval of time between positions, known as the bombing interval, is 
decided by the officer-in-charge. 

6713. Radio Technician 

The radio technician assigned to each watch is in charge of the instrumental 
equipment, under the supervision of the chief radio technician. He should see that all 
the required switches are turned on, that the radio receiver is properly tuned to receive 
the radio signals and aid, if possible, in the identification of the returns from the various 
R.A.R. stations. During excessive static he should be especially vigilant to see that 
the gain of the amplifier is properly adjusted to receive radio returns with a minimum 
of spurious marks on the chronograph tape. There should be a sufficient number of 
radio technicians so that there is one for each watch, in addition to the chief radio 

technician who should be free to maintain and repair R.A.R. equipment. 
The radio equipment used in R.A.R. is highly specialized and, as the success of 

the method depends, to a large extent, on its satisfactory operation, it is essential that 

the radio personnel be of the highest type and thoroughly trained. They should have 
a basic knowledge of radio communication, but the specialized training can be obtained 
only by actual operation of the R.A.R. equipment under competent supervision. 
Graduates from good radio schools, or technicians who have been connected with com- 
mercial broadcasting or experimental investigation, are usually most satisfactory in 

R.A.R. 
6714. Bomber 

One member of the crew is assigned as bomber for each watch, supervised by a 
chief bomber, who stands one of the watches and also has general charge of the pre- 
liminary preparation of the bombs, the care of the explosives, and their stowage. At 
receipt of the signal designating the size of bomb (see 6741), the bomber selects the 
bomb, completes the final preparation (6842), and stands near the lighting unit ready 
to light the bomb at the signal. When the signal is received, he lights the bomb and 

throws it overboard, and as it strikes the water he gives the ‘‘bomb over” signal by 

means of a portable electric push button, which he carries in his hand. This signal is 
the official time of the position. It is received simultaneously on the bridge and at the 
chronograph station. The recorder on the bridge has the log read, and any other 

supplemental data are observed that are desired at the time of the position. 
The assignment of members of the crew as bombers is very important. The ones 

selected preferably should have had considerable experience with explosives and should 
have a sound knowledge and an intelligent understanding of their use—the kind of 
knowledge that may be best gained by experience. An inexperienced man should always 
be given definite instructions before he is allowed to handle explosives and then should 
work under the supervision of a careful experienced man until he demonstrates that 
he can be relied on not to endanger himself or his shipmates. Men who, through 
ignorance, carelessness, or bravado, follow unsafe practices must not be allowed to 

handle explosives. 

672. Sure EQuipMENT FoR Rapio Acoustic RANGING 

The special electric equipment on the survey ship used for R.A.R. includes the 
hydrophone, radio receiver, chronograph amplifier, chronograph, break-circuit chronom- 
eter or criftig (6734), and communication system. Their coordinate functions from 
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the time a bomb explodes until the radio signals from the R.A.R. stations have been 
recorded on the chronograph are as follows: 

The explosion of the bomb is received on the hydrophone and the signal is increased. 

by an amplifier sufficiently to operate the stylus of a chronograph which makes a mark 
on a moving tape. The stylus circuit is then immediately connected either manually or 
automatically to the output of a radio receiver. Through this the radio signals from 
the distant R.A.R. stations are received and actuate the stylus, which marks each 
signal on the tape. During this period, from the time the bomb was thrown overboard 

until the reception of the last radio signal, regular time intervals are being marked on 
the chronograph tape by another stylus operated from a break-circuit chronometer or 
from the criftig. Thus the time intervals from the explosion of the bomb to the recep- 
tion of the various radio signals may be measured on the tape. 

A buzzer or other signal system is used to signal between the several stations so as 
to coordinate their respective functions. A communication system between the chrono- 
graph station and the plotting rcom is also necessary. 

Where R.A.R. shore stations are used, the R.A.R. equipment of the survey ship 
includes a medium-power short-wave transmitter to communicate with these stations. 

RADIO RECEIVER 

LINE TOGRID 
500w _ TRANSFORMER PLATE TO LINE | CARBON BUTTON 

TRANSFORMER TO GRID TRANSFORMER 

AMPLIFIER 

BREAK CIRCUIT 

CHRONOMETER 

w = Ohms 
m = 1000w 
sn = 1000000 w 
af = Microfarads 

FIGURE 140.—Circuit diagram of R.A.R. equipment for survey vessel. 

6721. Hydrophone 

The hydrophone used on the vessel for the reception of the bomb signal may be 
either the Submarine Signal Company watch-case type 134£, the rubber rat (K-tube 
unit), or the tuned hydrophone 341A, all of which are described in 5213. Each of these 
uses a carbon-button element. The hydrophone is installed in a water-filled tank which 
is fastened to the inner side of the hull of the ship. A suitable tank is the Submarine 
Signal Company 356B which is used for the 312 Fathometer. This hydrophone, as for 
echo sounding, should be located where undesired noises will be received at a minimum, 
as described in 541 (see also 5148). 
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6722. Radio Receiver 

Any one of a number of good communication receivers may be used for the radio 

receiver shown in figure 140. Commercial receivers, such as those made by Hammarlund 
Manufacturing Company, Inc., of New York, The Hallicrafters, Inc., of Chicago, and 
National Company, Inc., of Malden, Massachusetts, are used exclusively for this 
purpose by the Coast and Geodetic Survey. 

The radio receiver should include the following features to be satisfactory for use 
in R.A.R.: 

(a) It must be suitable for marine use. 

(b) It must be capable of withstanding excessive vibrations without damage, detuning, or modu- 
lating the output signal. 

(c) After the warm-up period, the tuning should remain essentially constant, irrespective of 

moderate voltage, temperature, or humidity changes. 

(d) It must be sufficiently sensitive. 

(e) It must possess high image rejection. 

(f) It should contain a crystal intermediate-frequency filter. 

(g) The frequency range of the receiver must include all the frequencies used in R.A.R. 

(h) The receiver tuning must not be critical. 

(7) The audio-frequency power output should be at least 2 watts. 

(7) It must contain an adjustable intermediate-frequency beat oscillator. 

Some of the models of radio receivers made by the above-mentioned companies 
meet practically all the listed requirements. To comply with most of these requirements 
the receiver must employ a superheterodyne circuit. There should be one or two stages 
of radio-frequency amplification to aid in amplification, image rejection, and increased 
signal-to-noise ratio. The intermediate-frequency amplifier should contain two or more 
stages. The width of the intermediate-frequency band should be from 5 to 8 kilo- 
cycles. The band width of the intermediate-frequency crystal filter should not exceed 
100 cycles, in order to eliminate as much interference as possible. 

Frequencies used by the Coast and Geodetic Survey for R.A.R. range from 2.5 
to 4.2 megacycles (see 6442). The receiver must cover this range, in fact most of the 
receivers used for R.A.R. cover a range from broadcast frequencies to frequencies as 
high as 42 megacycles. 

It is desirable to have both radio-frequency and audio-frequency gain controls. 
Most commercial communication receivers are also equipped with automatic gain 
control but this feature is seldom used in R.A.R., the gain being adjusted manually. 
The tuning control should be provided with band-spread features so that a critical 
adjustment will not be required in tuning. The dial of the receiver should be calibrated 
to show accurately the frequency at which the receiver is tuned. 

The receiver should have terminals for both headphones and loud speaker. It has 
sometimes been found convenient to use the output voltage at the headphone terminals 
to operate the chronograph amplifier; therefore, the impedance at the headphone 

terminals and of the chronograph amplifier input should be identical. The chronograph 
amplifier input for the circuit in figure 140 is 500 ohms. If the output impedance of 
the receiver is either one-third or triple that of the chronograph input impedance, an 
intermediate matching transformer should be used. An alternative method is to change 
either the receiver’s output transformer or the input transformer of the chronograph 
amplifier so that their impedances are properly matched. 

Most of the receivers used on vessels of the Coast and Geodetic Survey are operated 
on 110-volt 60-cycle current. 
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6723. Ship’s Antenna for R.A.R. 

Because of the low radio power radiated by sono-radio buoys, the receiving system 
on the survey vessel must be very efficient. In this respect the ship’s antenna used 

for receiving the radio signals from the sono-radio buoy is very important. An ideal 

system would be a vertical antenna one-quarter to one-half wave length long, with no 
marked directivity characteristics in the horizontal plane. However, few survey 
vessels have masts tall enough to support such an antenna, and the influence of metal 
of the vessel in the field of the antenna usually makes it somewhat directive. Much 
can be done, however, to make the antenna approach the desired characteristics. Where 

space permits, the length of the antenna should be one-quarter to one-half of the wave 
length used by the sono-radio buoy, even though all or part of the antenna is sloped. 
The antenna should be kept as far as practicable from stays, rigging, smokestack, and 
other antennas. 

The antenna wire should be strong and flexible, and suitable for shipboard use. 
A stranded 7 by 22 phosphor-bronze wire is a preferred type. Insulators of a high 
quality, such as pyrex 7}-inch, should be used to support the antenna. ‘Two or more 
such insulators should be used at each point where any are needed, to increase the 
leakage path. The antenna should be kept taut at all times to prevent its swinging. 

The following test may be made to determine whether an antenna has the desired 
directivity characteristics: Tune in a distant radio signal of about the same frequency 
as that of the sono-radio buoy. The ship should then be turned slowly through 360° 
while the strength of the radio signal is noted on some metering device incorporated in 

or attached to the receiver. The antenna can be considered satisfactory if the minimum 
signal strength observed is not less than one-half the maximum observed. 

If the test shows that the antenna is unsatisfactory, the entire system should be 
carefully overhauled, and reinstalled if necessary, bearing in mind the points empha- 
sized here. 

6724. Chronograph Amplifier 

Numerous types of audio amplifiers are used by the Coast and Geodetic Survey 
for the operation of the chronograph. Their performance is essentially the same; they 
differ only in design. Only one type of amplifier which has given good results will be 
described. A circuit diagram of this chronograph amplifier is included in figure 140. 

The sensitivity of this amplifier is about medium and its frequency characteristics are those of 

any fairly good audio amplifier. The last two tubes of the amplifier operate on receipt of either the 

bomb or radio signals, whereas the first tube amplifies only the bomb signal. Located between these 

two sections of the amplifier is a switch, known as the hydro-radio switch, which is intended for switch- 

ing the last two stages that operate the signal stylus of the chronograph either to the output of the 

hydrophone amplifier tube or to the output of the radio receiver. The final tube in the chronograph 

amplifier is a type 6L6 beam power tube, triode connected. The plate circuit of this tube is connected 

to the signal stylus magnet. This tube is biased to cutoff so that only the positive peaks of the 

signals cause the plate current to flow. A filter in the plate circuit removes the audio-frequency 

component leaving only the envelope of the audio-frequency signal. A milliammeter in the plate 

circuit of the type 6L6 tube gives the integrated value of its plate current caused by the bomb 

or radio signal. This meter should be located where it can be observed by the radio technician 

or chronograph attendant or both; it gives an indication of signal intensity. Preceding the type 

6L6 tube is a type 6C5 triode tube which is arranged to operate as a class A amplifier. A line-to- 

grid transformer with 125- and 500-ohm primary taps operates into the grid of the type 6C5 tube. 

The 125-ohm primary tap is connected through a switch to the 125-ohm secondary of a plate-to-line 

transformer, which is connected in the plate circuit of the hydrophone amplifier tube. The 500-ohm 
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tap of the line-to-grid transformer connects to the output of the radio receiver by means of separate 

contacts on the above-mentioned switch. 

When the hydro-radio switch is in the position to receive the bomb signal, the 
output of the radio receiver is short-circuited; and when the switch is in the position 
to receive the radio signal, the output of the bomb amplifier is short-circuited. The 
short-circuiting of one circuit while the other is in use is to prevent cross operation 
between circuits. A double-pole double-throw switch that can be operated rapidly 
can be used; but a preferable arrangement is a telephone-key switch connected to 
operate for the reception of the bomb signal when held down, but which, when released, 
will spring back to normal position and transfer the circuit to the output of the radio re- 
ceiver. Whatever arrangement is used, the whole switching operation should require 
no more than a half second, for the speed with which this switch can be operated deter- 
mines the minimum time after the bomb explosion that a radio signal can be recorded 
‘on the chronograph. The manually operated switch described above may be replaced 
by a relay which automatically switches to the output circuit of the radio receiver as 
soon as the bomb signal is received, as in the Dorsey chronograph (see 6733). 

The gain control for bomb reception is by regulation of the current flowing to the 
carbon button of the hydrophone, a d-c milliammeter indicating the amount of current ~ 
flowing to this unit. Once the proper value of gain has been determined, readjustment 
is rarely required. The gain for the radio signal is adjusted by the controls which are 

part of the radio receiver. 
673. THE CHRONOGRAPH 

A chronograph is a graphic-recording time-measuring device, used in R.A.R. to 
measure the time intervals between the bomb explosion and the reception of the radio 
signals from the R.A.R. stations. The record is made on a narrow wax-coated paper 
tape by two sharp-pointed electromagnetically operated styluses. The tape passes at 
a constant rate under the styluses which are adjusted so that their marks coincide to 
mark a single line down the center of the tape when they are in an unactuated state. 
(See fig. 141.) When actuated the two styluses move in opposite directions from 
the center toward the edges of the tape, the maximum amplitude of motion being 

about % inch. After operation, a stylus is returned to normal position by means 
of a spring. The mark on the tape where the stylus leaves the centerline is used in 
scaling all time measurements. One stylus marks the time and is known as the timing 
stylus, and the other, operated by the chronograph amplifier, is known as the signal 
stylus. The method of scaling the tapes from a Gaertner chronograph is described 

in 6853. 
a. Chronograph tape.-—The tape is a narrow red- or black-bodied paper, one surface 

of which is covered with a thin white wax coating. The melting point of the wax is 
sufficiently high to withstand tropic temperatures unless the tape is exposed directly 
to the sun’s rays. This tape comes in 300-foot rolls, wound on a wood center about 
1% inches in diameter with a 44-inch centerhole. The tape is about % inch wide and 

0.002 inch thick. One roll of tape is sufficient for about 1 hour’s continuous operation 

on the Gaertner chronograph. 

6731. Gaertner Chronograph 

Most of the chronographs used in the past in R.A.R., and sometimes still used 
by the Coast and Geodetic Survey, were made by the Gaertner Scientific Corporation 
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of Chicago, Illinois. All parts of this instrument are mounted on a heavy metal base. 
On one end of the base is a spool which holds the chronograph tape. Directly in front 
of the spool are the magnets for operating the styluses; these magnets are mounted 
on a hinged plate so that the stylus points may be raised while changing the tape. 
The tape passes under the hinged plate and across a guide plate and thence between 
two rollers by which it is drawn. The points of the two styluses contact the surface 
of the tape where it passes over the guide plate. The rollers that draw the tape are 
driven by a small electric motor which is coupled to the shaft of one of the rollers 
through reduction gears. Most of these instruments are of the d-c type operated 
from 12 volts, but a few contain 110-volt d-c motors. A lever is provided to separate 
the two rollers so that the tape can be stopped without stopping the motor, and to 

facilitate the rethreading of the tape. The styluses may be adjusted as to pressure 
on the tape surface, amplitude of motion, and position of the stylus point on the tape. 

The speed of the chronograph tape is about 2 cm per second. 
The d-c resistance of the signal stylus magnet on most of these chronographs is 

about 800 ohms, and that of the timing stylus magnet is usually about 5 ohms. On 
some chronographs the magnets and styluses supplied originally have been replaced 
with redesigned Baldwin piano units to which light styluses have been attached. Such 
an alteration provides a quicker acting stylus and minimizes mechanical lag. _ Rochelle 
salt crystals have also been used to actuate the styluses. 

A Gaertner chronograph of more recent design“is also used on some vessels of 
the Coast and Geodetic Survey. Its principles are the same, the major differences 
being in mechanical design and the use of a 110-volt 60-cycle synchronous motor to 
move the chronograph tape. 

6732. Break-Circuit Chronometer 

A break-circuit chronometer is used with the Gaertner chronograph to actuate 
the timing stylus once each second. It is like any ship mean-time chronometer, except 
that it is equipped with electric contacts operated by the chronometer movement. 

These electric contacts are opened once each second for about one-tenth second. The 
length of the break is adjustable, but it should not be attempted on board ship. The 
operation of these contacts, when connected to the proper circuits, produces the 
time offsets on the chronograph tape. These contacts are delicate and the current 
through them and the voltage across them must be kept at low values. Some type of 

relay circuit should be used between the chronometer and the chronograph timing 
stylus magnet; an electrically operated relay may be used, but a vacuum-tube circuit 

such as is shown in figure 140 is preferable. 

6733. The Dorsey Chronograph 

The Dorsey chronograph was designed by the Coast and Geodetic Survey to pro- 
vide more accurate timing of R.A.R. distances, and to be read without a glass scale 
(4825). It uses the same tape as the Gaertner chronograph, but the speed of the tape 
is two and a half times as fast, a time offset is marked each tenth second, and the 

seconds are numbered. 

This instrument uses two styluses, one which marks tenths of seconds ana one 
which records the bomb and radio return signals. The speed of the tape is about 5 
cm per second, so that the offsets marked at each tenth second are about 5 mm apart, 

enabling the estimation of the time intervals to 0.01 second without using a glass scale. 
465382—44—49 
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Each fifth offset is marked longer than the others and at each tenth offset (each second) 

a figure is printed, starting with 0 at the first offset after the receipt of the bomb signal. 
These figures are printed 0 to 9 and then repeated so that the time intervals may be 
rapidly read. 

a. Operation.—The bomber is signaled in the regular manner to fire a bomb. 
A switch on the chronograph amplifier is closed, so that the bomb explosion may be 
received on the chronograph. When the bomber signals that the bomb has struck the 
water, the signaling current also operates a relay in the amplifier which automatically 
starts the 60-cycle motor of the chronograph. This sets the tape in motion and the 

timing stylus begins marking tenth seconds. When the bomb explodes and the sound 
reaches the hydrophone, the signal stylus immediately marks on the tape and at the 
next tenth second a clutch releases the printing wheel so that the numeral 0 is printed 

opposite this tenth-second mark. Thereafter each fifth offset is made longer by an 
index wheel, also released by the clutch. Another relay automatically switches the 
amplifier from the bomb hydrophone to the radio receiver (see 6724). 

The R.A.R. time interval to be used in plotting is then all of the numbered seconds, 
plus the fraction of a tenth before the zero, plus the fraction of a second after the last 

printed number, plus the ship’s run correction (6853 (d)). This latter is found from the 
elapsed time recorded on the tape prior to the bomb signal. The chronograph attendant 
does not have to time this interval by clock or watch, as is the case with the Gaertner 
chronograph (see 6843a). : 

A switch on the chronograph amplifier cabinet is then opened and the clutch reset, 
ready for the next bomb. 

6734. The Criftig 

In order for the Dorsey chronograph to function as a precision instrument it must 
be supplied with controlled 60-cycle alternating current and tenth second impulses of 
high accuracy. This is obtained from electric circuits starting with a piezoelectric 
crystal with a frequency of 100,000 cycles per second, adjustable within a narrow 
range. As developed by the Coast and Geodetic Survey, these circuits, by fractional 
frequency division, give a crystal-controlled current for the time generator. The 
arrangement is abbreviated criftig. In this the 100 ke is first divided by four, then by 
five, and again by five, giving 25 ke, 5 ke, and 1 ke. The latter operates a 1,000-cycle 
synchronous motor at a constant speed of 10 revolutions per second. The shaft of the 
motor also carries the rotor of a 60-cycle generator and a single rotating arm which 
passes near the pole pieces of a polarized electromagnet once each revolution, producing 

the 10 pulses per second. 

Clocks on the ship’s bridge and in the radio room are operated from the ceriftig 
and, by daily comparison with the radio signals sent out by the National Bureau of 
Standards, the rate of the crystal may be adjusted to a value so that the clocks give 
time which is seldom in error by as much as 0.1 second. 

A special chronograph amplifier is required. It drives the 60-cycle synchronous 
motor, amplifies the 0.1 second pulses to the timing magnet, and amplifies the bomb 
signal. By the arrangement of certain thermionic tubes and circuits, this amplifier 
produces a sequence of events permitting the reception of bomb signals and radio 
returns almost automatically. No relay action is involved in the timing of the return 
signals so that no lag in time is introduced. 
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674. COMMUNICATION SYSTEM 

To coordinate the operations at the various stations on a vessel using R.A.R., an 
adequate communication system is essential. This system includes interconnected 
electric bells, located near the chronograph attendant and on the bridge. The bomber, 
at his station near the stern of the vessel, may ring these simultaneously by means of 
a portable push button which he can carry in his hand while throwing the bomb over- 
board. Another bell is located at the bombing station, connected to be rung either by 
the chronograph attendant or from the bridge, depending on who orders the bombs. 

If the chronograph station is remote from the plotting station and if the latter is 

not located on the bridge, a communication system must be provided between the three, 
so that data and orders may be rapidly and accurately transmitted. The R.A.R. time 
intervals for each position must be transmitted from the chronograph station to the 
plotting station with a minimum of delay and, where the plotting is not done on the 
bridge, orders relative to the navigation must be transmitted from the officer-in-charge 
to the watch officer on the bridge. Speaking tubes or telephones may be used for this 

purpose, but instruments used for interoffice communication are much more satisfactory. 
The latter are made under various trade names by a number of manufacturers of 
electric equipment, but any selected should be adapted for use on shipboard. A loud- 
speaker type of unit is desirable, arranged so that a lever is pressed to talk and released 
to listen. This leaves both hands free for copying any transmitted data. 

6741. Bombing Station Signals 

In Radio Acoustic Ranging (R.A.R.) bombs of various sizes are required, depending 
on the distances from the R.A.R. stations and other factors which influence the trans- 
mission of sound. The chronograph attendant is able to judge the size of bomb 

required by observing the character of the radio returns from the stations. The same 

size of bomb will often be used continuously for a considerable period of time, but it is 
occasionally necessary to change; and a system of bell signals should be provided to 

notify the bomber of the size of bomb wanted at each position, and when to light the 
bomb and throw it overboard. 

The signals are given by the chronograph attendant, or from the bridge, by ringing 

a bell at the bombing station. The signals for bombs of different sizes may be v@rious 

combinations of long and short rings, a long ring being approximately three times the 
duration of a short rmg. The following signals are recommended: 

Type of bomb Signal 

Single detonator_=-=-- 2-2! Five short rings. 

@Qne-quarter pint!l2!. "225 Vio One long ring. 

One-half pint erases es G2 Two long rings. 
One Pints we ph Papigl pep A oe yh Three long rings. 

One. quant= 38 5 st pe Se One long and one short ring. 

For bombs of other sizes, suitable signals may be arranged. 
The clock at the chronograph station should be synchronized with the clock used 

for sounding. At 1 minute before a position the bomber is given the signal designating 
the size of bomb desired. The bomber answers this signal immediately with two long 
rings, indicating that the signal has been received and understood; this acknowledg- 
ing signal is received both by the chronograph attendant and on the bridge where it 
serves as a stand-by signal for any observations to be taken on the position. Ten or 
15 seconds before the position the bomber is notified to light the bomb, by one extra- 



68 HYDROGRAPHIC MANUAL PaGE 636 

long ring. This signal must be given a sufficient number of seconds in advance of the 
desired time of position to allow for lighting the bomb and throwing it into the water. 
This time interval will vary, depending on the length of fuse and the alacrity of the 
bomber. Just as the bomb strikes the water, the bomber signals with one long ring. 
This is the official time of the position. The signal is received at the chronograph 
station where the chronograph is started, and on the bridge where it serves as the 
“mark” for any observations which are to be made on the position. 

68. R.A.R. OPERATIONS 

681. R.A.R. Positions 

The essential difference between a hydrographic survey controlled by R.A.R. and 
one controlled by other methods is the manner in which the positions of the survey 
ship are determined. The positions are not based on sextant angles or other visual 
observations, but are determined by plotting graphically the distances of the ship from 
two or more R.A.R. stations whose positions are known. The distances are derived 

from measurements of the travel times of subaqueous sound from a source of sound near 

the ship to receiving units at the several R.A.R. stations. The various operations in- 

volved in obtaining an R.A.R. position are necessarily performed at several different 
places on the ship, and the procedure is, therefore, more complicated than for any of 
the other methods described in section 33. The positions must be anticipated and 
preparations made, and the position data are not available for plotting until about 5 
minutes after the time of the position, all of which affect the conduct of the operations. 

6811. Time of Position Data 

The official time of an R.A.R. position, and the time to be recorded in the Sounding 
Record and Bomb Record, is the exact time that the bomb strikes the water when it 

is thrown overboard—not the time of its explosion (see 6853 (d)). The position that will 

be determined is that of the bomb—not that of the vessel at the time of bomb explosion. 
Positions should be obtained at equal intervals and on the minute or half-minute, 

if practicable. This is not essential, but it facilitates spacing recorded soundings, which 
are generally recorded on the minute or fractions thereof. With experienced personnel, 
bombs may be timed to strike the water within a few seconds of a desired time without 
danger, in which case the positions may be recorded on the even time interval. 

The clock at the chronograph station should be synchronized with the sounding 
clock so the times of positions recorded in the Sounding Record and the Bomb Record 
will be identical. If they are not automatically synchronized, they should be checked 
frequently to ensure that the two clocks are always within 2 or 3 seconds of one another. 

The sounding on the position must be obtained prior to the explosion of the bomb. 
A sonic oscillator must be turned off while the bomb explosion is being recorded, because 
the oscillator signals would record on the tape. Furthermore, the explosion of a bomb 
causes a multitude of sound waves which are registered on any echo-sounding instru- 
ment and which obliterate the echo soundings for an appreciable length of time. 

Log readings, revolution counter readings, bearings, sextant angles, and any other 
supplemental position data are observed at the signal from the bomber which indicates 

that the bomb has struck the water. These supplemental data must be recorded in the 
Sounding Record. If the R.A.R. abstract is used (see 8312), the time intervals are 
recorded in it when they are received from the chronograph attendant, and any of the 
supplemental data needed for plotting on the boat sheet are also recorded in it. 
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6812. Frequency of R.A.R. Positions 

The frequency of positions in R.A.R. surveys, like surveys controlled by other 
methods, depends on a number of conditions which are discussed in 3313. The max- 
imum frequency of R.A.R. positions is limited by the time required to obtain the R.A.R. 
distances from the chronograph tape and to plot the position on the boat sheet, this 

generally requiring from 3 to 5 minutes depending on the distances involved and the 
adroitness of the personnel. Nothing is gained by taking R.A.R. positions faster than 
the data can be computed and plotted. 

Depending on the current, R.A.R. surveys on the Atlantic and Gulf Coasts can 
be satisfactorily controlled by positions every 5 or 6 minutes in areas of moderate depths. 
when surveyed on a 1: 80,000 scale or larger, and every 8 or 10 minutes in deeper offshore 
areas surveyed on a scale of 1:100,000 or smaller. Positions are often taken still less 
frequently in offshore areas where large cast-iron bombs are required or when it is 
necessary to conserve bomb materials. On the Pacific Coast and in Alaska waters, 
offshore surveys have been satisfactorily controlled with positions obtained at intervals 
as long as 30 minutes, but the fixed positions must be supplemented by adequate dead- 
reckoning data. 

Accurate dead-reckoning data must be recorded for use in conjunction with R.A.R. 
surveys and it is frequently advantageous to identify some of the intermediate points. 
between bombs as positions (see 3312). In addition to those at regular intervals, where 
practicable, R.A.R. positions should be taken at the following times: 

(a) At the beginning and end of each sounding line, except at a 180° change in course where the 

beginning of the new line is so close to the end of the previous line that time does not permit two 

R.A.R. positions so close together. In the latter case the position at the end of the first line should 

be determined by dead reckoning so that an R.A.R. position can be obtained at the beginning of the 

new line. This fixes a position on the new line as soon as possible so that the hydrographer may 

change the course, if necessary, to make the track of the vessel coincide with the proposed line. 

(b) At all major changes in course. In general, changes in course of 3° or less need be merely 

recorded in the Sounding Record with the time of the change, changes in course from 3° to 10° should 

be recorded as positions and given numbers, but changes in course greater than 10° should be fixed 

by R.A.R. positions. 

(c) At all changes in speed. 

6813., Obtaining an R.A.R. Position 

Assuming that an R.A.R. position is desired at 14:18, either because of the regular 
interval between positions ordered by the officer-in-charge or because he has specifically 
notified the chronograph attendant that a position is desired at that time, the following 
sequence of events occurs (see also 3442): 

At 14:17, one minute before the position is desired, the bomber is signaled by bell 

to indicate the size of bomb desired. The chronograph attendant then tests the 

chronograph to make sure that it will operate satisfactorily and that sufficient chrono-. 
graph tape remains on the roll, and sees that the radio technician has the receiver turned. 
on and properly tuned. 

The bomber acknowledges the above signal with a two-bell signal which is received’ 
at the chronograph station and on the bridge. This indicates that the signal has been 
received and understood by the bomber and notifies the bridge personnel that an 
R.A.R. position is to be expected on the next even minute. The bomber selects a bomb 
of the size desired, inserts the fuse, and prepares it for lighting and, with bomb and push 
button in hand, stands by the lighting element ready to light the bomb when the next. 
signal is received. 
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Ten to 15 seconds before 14:18, the bomber is notified by one long bell signal to 
light the fuse, preparatory to throwing the bomb into the water. 

As soon as the bomber judges that the fuse is burning internally (see 6844 and 
6845), and not later, the bomb is thrown overboard and as it strikes the water the 

bomber signals with one long bell. This signal is received at the chronograph station 
and on the bridge. The time of the signal is recorded as the official time of the position. 
A sounding is taken, the log is read, and any other observations are made at this time; 
changes in course or speed are also made; and all are recorded in the Sounding Record. 

When the “‘bomb over”’ signal is received at the chronograph station, the chrono- 
eraph is started and the hydro-radio switch (6724) is held in position so that the bomb 
explosion will be registered on the chronograph tape. The time in seconds between the 

“bomb over” signal and the explosion is determined by a stop watch, from the second 
hand of a clock, or from the tape of a Dorsey chronograph (see 6733a). This time 
interval is recorded in the Bomb Record (see 6843a). The record of the explosion on 

the tape of a Gaertner chronograph is identified by a pencil mark near it. 
Immediately after the explosion has been registered on the chronograph tape, the 

hydro-radio switch is released so that it is in position to allow recording of radio signals. 
The chronograph continues to run until the radio signals from all of the R.A.R. stations 
have been received and recorded on the tape. As each return is received and heard 

in a loud speaker, it is also identified on the tape by a pencil mark nearby. After the 
last radio signal has been received, the chronograph is stopped and the tape with the 

record is torn off. 

The various time intervals required for determining the elapsed time to each 

station, for use in plotting, are then taken from the tape or computed, in accordance 
with 6853, and entered in the Bomb Record. 

As soon as the elapsed times have been accurately determined they should be 
transmitted to the officer-in-charge at the plotting station. Let us suppose that the 
number of the position is 89 and that returns were received from three R.A.R. stations, 
designated as ESAU, DAGO, and GOBY, and that the elapsed times to them, as identi- 
fied by the chronograph attendant, are 8.56, 19.85, and 27.97 seconds respectively. 
The data should be transmitted approximately in the following manner: 

The CHRONOGRAPH ATTENDANT Calls the plotting station and after an acknowledg- 
ment, or over the loud-speaker system, says: ‘“‘Bomb at fourteen eighteen.”’ 

The OFFICER-IN-CHARGE replies: ‘Position eighty-nine at fourteen eighteen.” 

This enables the chronograph attendant to record the correct position number in the 
Pomb Record and on the chronograph tape. 

CHRONOGRAPH ATTENDANT: “Position eighty-nine; ESAU eight fifty-six, DAGO 

nineteen thirty-five, GOBY twenty-seven ninety-seven.”’ 
The OFFICER-IN-CHARGE repeats the elapsed times to the chronograph attendant 

for verification. 
The elapsed times to the various R.A.R. stations should be transmitted to the 

plotting station in the order of their length, the shortest being transmitted first. This 
is the natural order of scaling or reading the radio returns from the chronograph tape, 

and a little time is saved in making the settings of the fixtures on the beam compass. 

After the elapsed times have been received at the plotting station, they are plotted 
oraphically on the boat sheet using the most probable velocity of sound, and the position 

is determined. 
Occasionally, at the chronograph station, a radio return from an R.A.R. station 

may be improperly identified, a false mark may be mistaken for a radio return, or an 
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error may be made (see 6852). The chronograph attendant should be notified of any 
such error as soon as it is discovered at the plotting station and should be requested 
to check the questionable data, so that appropriate corrections may be made in the 
plotting and in the Records. 

6814. The Bisectrix 

Between the positions of any two R.A.R. stations there is a line, known as the 

bisectrix, near which the radio returns from the two stations will be received so nearly 
simultaneously that it will be difficult to identify the station from which each was 
received. The officer-in-charge should avoid, so far as possible, obtaining an R.A.R. 
position near a bisectrix. 

The bisectrices between all R.A.R. stations should be shown on the boat sheet by 
drawing perpendiculars at the midpoints of the lines joining the stations. When 
the officer-in-charge knows that a position at the regular time interval would plot near 
a bisectrix, he should advance or delay it enough to ensure that both of the returns 
will be received and can be identified. The officer-in-charge should also notify the 
chronograph attendant in advance which station, of two that will be received almost 
simultaneously, should be received first. 

It is possible to reduce the lengths of the radio signals from the R.A.R. stations so 
that returns from two or more stations may be recorded within a few tenths of a secoudl 
of one another (see 6432). 

6815. Trial Position 

Trial positions are frequently needed in maneuvering the vessel to the proposed 
line at the beginning of operations, and are a necessity at the beginning of operations 
after drifting atsea during the night. Trial positions where the dead-reckoning position 
is not even approximately known are sometimes difficult to plot because of the difficulty 
of identifying the R.A.R. stations. In such a case each R.A.R. distance should be 
trial plotted from each R.A.R. station, and an intersection found where the sounding 

at the time of the trial position agrees with the depths on the boat sheet. If only two 

returns are received at a trial position, and sometimes even where three or more returns 

are received, the plotted distances will intersect at two or more positions, of which 

selection can be made only by a verification of the depth. 

Trial positions need not be recorded in the Bomb Record, nor in the R.A.R. 

abstract unless desired, for a permanent record of them is not required. 

6816. Additional Data From Shore Stations 

Where R.A.R. shore stations are used, the radio technician on board the vessel 
should call each shore station by radio after each position to ascertain the intensity of 
the bomb sound as indicated on the milliammeter in the output circuit of the amplifier. 
This reading is a comparative measure of the intensity of the sound arriving at the 
hydrophone and, together with the size of the bomb and distance from the station, 

forms a valuable record that may be used to determine the sizes of bombs needed under 
various conditions. These data for each station should be recorded in the ‘‘ Remarks” 
column of the Bomb Record. (See 641.) 

682. PLtotrine R.A.R. Positions 

The data from which an R.A.R. position is plotted are the elapsed times required 
for subaqueous sound to travel from the position of the explosion to the several R.A.R. 
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stations. The elapsed times must be used as distances in order to plot them on a 
hydrographic sheet, and for this purpose the velocity of sound in sea water must be 
known. The distances from the stations may be plotted graphically by several different 

methods, the position sought being at the intersection of the distance ares (see 7631). 

During the survey the positions need to be known as quickly as possible, so that 
the ship may be maintained on the proposed line. Therefore, for the boat sheet a 
rapid method of plotting is required—extreme accuracy is not essential so long as com- 
plete coverage of the area is ensured. 

For the smooth sheet the converse is true, the positions must be plotted as accu- 

rately as practicable and speed is not especially important. At this time better values 

of the velocity of sound to be used will have been determined and the positions can be 
more accurately plotted. 

There are several general methods which may be employed in plotting R.A.R. 
positions. The elapsed time to each station may be converted into distance from an 
R.A.R. velocity scale (4824), and the distances plotted on the sheet with a beam com- 

pass. This method is generally used for plotting on the boat sheet in areas where 
different velocities of sound must be used. 

Circles representing intervals of distance from the R.A.R. station may be drawn 
on the sheet and the distance from each station may be plotted by increments added 
to, or decrements subtracted from, the nearest circle representing the appropriate 
distance from the station. The circles may be drawn in even multiples of distance in 
meters or they may be drawn in distances representing even multiples of travel time 
at a selected velocity (see 7341). Positions can be plotted more rapidly from circles 
representing seconds of travel time, and this method is used for plotting the positions 
on the smooth sheet (see 763). 

6821. Plotting Positions on the Boat Sheet 

After the elapsed times have been received from the chronograph station they are 
used to plot the position of the bomb explosion (see 6811). If distances in meters are 
used for plotting, the elapsed times are converted into distances on an R.A.R. velocity 
scale, using a beam compass with the fixtures fitted to a suitable length bar. The 
distance from each station is plotted as a short arc near the estimated position on the 
boat sheet. The position is determined from the intersection of the distance arcs 
from two or more stations. 

The approximate velocity of sound must be known before positions can be plotted 
on the boat sheet. Apparent horizontal velocities (6351), determined from tests 
made over distances measured by taut wire or from tests at positions fixed by sextant 
angles, are generally used for plotting during the survey. Where the apparent 
horizontal velocity is not known, or is not applicable, velocity calculated from the phys- 
ical characteristics of the water, as explained in 6343, may be used. (See also 636.) 

6822. Plotting a Position With One Distance Arc 

Occasionally a return is received from only one R.A-R. station, which, of course, 

will not fix the position. If this one distance arc intersects the sounding line at an 
angle greater than 45°, the position may tentatively be assumed to be at its intersection 

with the course from the preceding position. If the distance arc intersects the sounding 

line at an angle less than 45°, the position should be assumed to be at its intersection 
with the corrected log distance plotted as an arc from the preceding position. 
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Unexpected current, or a sudden change in current, may occur to affect the accu- 
racy of a position based on one R.A.R. distance. All such positions must be considered 
tentative until after they have been verified by dead reckoning between well-fixed 
positions before and after them. 

6823. Positions Near a Bisectrix 

Where it is practicable to do so, the hydrographer should avoid obtaining an 
R.A.R. position near the bisectrix between two stations (see 6814). In such a case it is 
difficult for the chronograph attendant to identify the returns from the two stations 
and an erroneous identification may be made, resulting in some cases in an erroneously 

plotted position and even causing the hydrographer to change course on a false 
assumption. 

Where a position occurs near a bisectrix, the distance arc, if only one return is 
identifiable on the tape, should be plotted from both of the stations in an effort to 
decide from which of the two stations the return was received. Sometimes the station 
may be identified from a knowledge of the dead-reckoning position, but where the 
position is nearly on a bisectrix the identification is always doubtful, to say the least. 

It is sometimes necessary to anticipate such a situation and change the ship’s 
course away from a bisectrix so as to be sure which one of two stations will be received 
first. 

6824. Relative Strength of Positions 

The strength of a position located by two or more R.A.R. distances depends 
theoretically on the angle of intersection of the distance ares. Assuming that a correct 
velocity of sound has been used or that the time intervals have been converted into 
accurate horizontal distances, the strongest positions are those where the distance 
arcs intersect approximately at right angles, and the more acute the angle of intersection 

becomes, the weaker the position is. Where the distance arcs are nearly parallel, the 
position is generally located very accurately in a direction perpendicular to the arcs, 
but very weakly in a direction parallel to the arcs. Such intersections generally 
occur at extreme distances from the R.A.R. stations and are to be expected near 
the offshore limits of offshore surveys. To: fix positions satisfactorily in such areas, 
the R.A.R. distances must be supplemented by dead-reckoning data. 

In R.A.R. surveys, distance arcs are occasionally plotted with data received from 
two stations which are nearly on range (in the same direction, or in opposite directions) 

with the position, so that the arcs plot nearly parallel to each other. If the arcs coin- 
cide at the position, it is an indication that the correct velocity of sound has been 
used, and another distance arc intersecting these two approximately at right angles 
will give a strong position. In boat-sheet plotting, the arcs from stations on range 
with the position seldom do coincide because a preliminary value of the velocity of 
sound is used, and generally, the position must be assumed to be between the two arcs, 
on a third intersecting arc or at a position indicated by the dead reckoning. 

Sound is transmitted through sea water along a path which may vary for different 
distances and different depths of the water (see section 62). If one of the distances 
of an R.A.R. position differs considerably from the others, it can seldom be com- 
bined satisfactorily with them if the same velocity is used for all the distances unless 
the elapsed times are first corrected for the paths of the sound waves (see 636). A 
similar discrepancy may be expected if the path of the sound wave to one R.A.R. 
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station passes through extremely deep or very shoal water as compared to that traversed 
to the other stations. 

The sound wave, in traveling an extremely short distance, may follow a direct 
path, but over a long distance it is apt to be refracted and reflected a number of times, 
thus making the travel time of the sound wave longer than it should be in proportion to 
the horizontal distance. Similarly, the depth of the water traversed and the tempera- 
ture gradient affect the travel time of the sound wave. It is apparent, therefore, 
that an elapsed time under varying conditions is not exactly proportional to the hori- 
zontal distance, although this latter is what is needed for plotting. Combinations of 
distance arcs, where the above conditions vary extremely, will invariably plot errati- 
cally if the same velocity of sound is used for all of them, and in such cases greater 
weight should probably be given to the results from the nearer stations. 

If the same velocity of sound is used throughout an area, and the elapsed times 
are uncorrected for the path of the sound wave, positions at a considerable distance 

from the stations are likely to be incorrect even though the distances seem to be in 
agreement. In such cases the stations are generally all in approximately the same 
direction from the position and the distance arcs intersect at acute angles, the depths 
are likely to be greater than average, and the temperature gradients will probably be 

such as to cause excessive refraction and numerous reflections. The apparent position 
will be in error, for the true position will be nearer to the stations by some amount 
nearly proportional to their distances from it. Such displacements, although known to 
exist, are difficult to correct, because of the many variable factors that influence the 
propagation of sound. 

The character of the bottom apparently affects the strength of a position very 

little. Certain types of bottom materials may partly absorb the sound and reduce the 
range of transmission, but the velocity of the reflected wave is probably not changed 
enough to affect the elapsed times appreciably. 

6825. Inking Positions on the Boat Sheet 

Each accepted position (see 7635) should be pricked on the boat sheet and accentu- 
ated with colored ink. The position number should be inked nearby for identification 

(see 7681). The distance arcs may be inked or left in pencil, as desired. (See also 

3251.) 
6826. Plotting With R.A.R. Distance Differences 

Ordinarily in R.A.R. the total elapsed time from each of two or more R.A.R. 
stations is known and is used in plotting a position. However, if returns are received 

from three or more R.A.R. stations appropriately located with reference to each other, 
it is possible to plot the position by using the differences between the times to the 

various stations, provided the velocity of sound is known, the total times themselves 
being unknown. This is of practical value in R.A.R. where, for example, the record 
of the bomb explosion is lost for any reason, as wheresit cannot be distinguished on 
the chronograph tape because of static. Such returns should not be rejected in an 
R.A.R survey—they should be recorded in the Bomb Record for plotting at a later 
date, if time and facilities do not permit their being plotted at the time. 

There are several methods by which an R.A.R. position can be plotted graphi- 

cally, using time differences, the choice depending on the base sheet used or on the 
number of positions to be plotted. The position can also be found analytically by 
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computing the distances to the R.A.R. stations and then plotting by conventional 
methods. The principle involved in the solution of this problem is that the locus of 
a point which moves so that the difference of distances from two fixed points is a 
constant, is a hyperbola. The two fixed points are the R.A.R. stations, and the sign 

of the difference determines the branch of the hyperbola on which the point is found. 
It follows then that where there are three R.A.R. stations, the R.A.R. position is at 
the intersection of three hyperbolas, each one of which satisfies the difference condi- 

tions for a pair of R.A.R. stations. One of the three hyperbolas merely serves as a 
check on the position as determined from the other two and will not be considered 
further. The two hyperbolas giving the best angle of intersection should be the 
ones used. 

The velocity of sound must be known so that the time differences can be con- 

verted into meters; otherwise the problem is insoluble. Also, the identity of the two 
R.A.R. stations to which any given time difference applies and the sign of the differ- 
ence must be known. If the signs of the two differences were unknown, there would 

be, theoretically at least, four possible intersections, since each hyperbola has two 
branches. 

It must be borne in mind that a given R.A.R. position is not as strongly fixed by 
the method of differences as by the conventional methods using total distances. The 
strength of position in the former case depends on the angle of intersection of the 

hyperbolas, which angle is always more acute than the angle of intersection of the 
distance arcs, for any given position. 

For the methods explained below, assume three R.A.R. stations, A, B, and C, 
whose geographic positions are known and which are plotted on a base sheet, and let 

P denote the unknown position sought. Assume further that the radio returns from 

the three stations are received in the above order, and let p and q represent the known 
distance differences, so that PB—PA=p, and PC—PB=q. Then the three actual 

distances are PA=2z, PB=xz+ 7p, and PC=2z+p-+q, in which z is the unknown con- 
stant to be added to the distance differences for plotting by conventional R.A.R. 

methods. The problem, therefore, is one of determining the unknown distance 2. 
‘There are several methods of accomplishing this which are described briefly 

under the following headings: 

A. GRAPHIC METHOD 

(a) On the base sheet at B scribe a circle with radius p and at C another circle with radius (p + q). 

The problem is to find a point P which is equidistant from A and the circles with radi) p and (p + q). 

Make a transparent overlay on which is drawn a series of concentric circles large enough to satisfy 

the conditions. The transparency should resemble the Odessey R.A.R. protractor (4537), and ad- 

jacent circles should be close enough to each other to permit accurate interpolation by eye. The 

transparency need have no scale. Lay the transparency over the base sheet and move it around 

until a circle with radius 2 is found which passes through A and is tangent to the circles scribed at 

Band C. The desired point P is then at the center of the series of concentric circles on the overlay. 

(b) In this method a series of concentric circles similar to the Odessey R.A.R. protractor must be 

drawn on the base sheet with each R.A.R. station as a center. These circles must be constructed so 

that circles of equal radii are easily identifiable. On a transparent overlay draw two concentric 

circles, with radii p and (p + q). Lay the transparency over the base sheet and move it around 
until their common center and the two circles are at equal distances from the R.A.R. stations at 

A, B, and C, respectively; that is, until the center of the transparency is on a circle from A with radius 

x, the p circle is tangent to a circle from B with radius z, and the (p + q) circle is tangent to a circle 

from C with radius x. When the above conditions are satisfied the center of the overlay is at the 

desired point P. Plotters will find this procedure awkward at first as they are not accustomed to this 
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form of plotting. This method is not practicable in R.A.R. surveys because the three series of closely 

spaced concentric circles would obscure soundings, positions, and other data on the sheet. 

B. GRAPHIC-APPROXIMATE METHOD 

In this method the assumption is made that the hyperbolic lines of position in the vicinity of P 

are straight lines within graphic limits, which is usually the case where P is not close to any of the 

R.A.R. stations. There are three variations of this method, the first two of which are modifications 

of (b) above, aud which can be used on an R.A.R. sheet with conventional distance circles spaced about 

4 inches apart. 

(c) Select that R.A.R. distance circle from station A on the base sheet, which is as close to 

position P as can be estimated, and call its radius z’. Prepare a transparent overlay as described 

in (b) above and place it on the base sheet so that its center is on the selected distance circle from 

A and at the same time the p circle is tangent to the distance circle of x’ radius from B. Then the 

center of the transparency is one point on the hyperbolic line of position referred to A aud B. Now 

unless this happens to be the desired point P, the (p + gq) circle will miss tangency with the C dis- 

tance circle of 2’ radius by a distance which must be accurately scaled and given its correct sign, 

depending on whether the (p + q) circle falls toward or away from C with reference to the C distance 

circle of x’ radius. Mark the center of the transparency on the base sheet P’. Now select another 

A distance circle with radius x’’ on the base sheet, which will make the (p + q) circle fall in the oppo- 

site direction from C, and again place the transparency so that its center is on the second A distance 

circle and its p circle is tangent to the B distance circle of #’’ radius. This center is another point 

on the hyperbolic line of position referred to A and B. Mark this center P’’ and again accurately 

seale the distance the (p + gq) circle misses tangency with the C distance circle of x’’ radius. The 

two scaled distances must be opposite in sign, but P’ and P’’ should be as close to each other as 

practicable. Then connect P’ and P’’ with a straight line which is a chord of the hyperbolic line of 

position and find point P on it by the proportion PP’ : PP’ : : first scaled distance : second scaled 

distance. 

(d) As in (c) above, plot two points, P’ and P’’, and connect them with a straight line which is 

a chord of the hyperbolic line of position with reference to stations A and B. Then with another 

transparent ovellay on which a circle with radius q is scribed, similarly find points Q’ and Q’’ with 

reference to stations B and C, and connect Q’ and Q’’ with a straight line which is a chord of the other 

hyperbolic line of position with reference to stations B and C. The intersection of the two chords 

is the desired point P if the conditions have been selected so they intersect; if not, other points must 

be plotted until two pairs of points have been found which give intersecting lines, with each pair of 

points as close together as practicable. 

(e) This method may be found especially useful on the boat sheet. Knowing the approximate 

position of P, set off on a beam compass a distance 2’, slightly less than PA, and with A as a center, 

scribe a small arc through P’; then with a distance (#’ + p) set on the beam compass and with B 

as a center, scribe a second are intersecting the first are at P’—this is one point on the hyperbola 

with reference to stations A and B. Repeat the above operation with another distance z’’, slightly 

longer than PA. The point P’’ thus found is a second point on the hyperbola, and the straight line 

joining points P’ and P’’ is a chord of the hyperbola. Repeat the operation with reference to stations 

B and C and obtain a chord of the second hyperbola; the intersection of the two chords is the desired 

point P. 

Cc. MECHANOGRAPHIC METHOD 

In this method a special three-arm device is used. Three metal arms are pivoted at a center, 

with one edge of each arm serving as a graduated scale from the pivot. The graduations may be on 

an arbitrary scale, but so marked that equal distar-ces from the pivot can be easily identified on the 

three arms. Each arm is broken near the pivot and a supplemental adjustable metal strip attached, 

in such a manner that each arm can be extended by an accurate amount. These supplemental metal 

strips must be graduated in terms of the base sheet upon which the instrument is to be used. 

In plotting a position the scale of the supplemental metal strip on arm A is set at zero, that on 

arm B at the difference of distance p, and that on arm C at the difference of distance (p+q). It is 

apparent that any graduation x on the three arms is at x distance from the pivot on the A arm, at 

(c+ p) distance on the B arm, and at («+p+q) distance on the Carm. The device is then manipu 

lated until the readings on the arms at stations A, B, and C are equal; the center of the device is then 
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at the desired point P. The manipulation of the device is facilitated if vertical pins are set at the 

positions of the R.A.R. stations A, B, and C, for the arms to be held against. 

D. ANALYTICAL METHOD 

In this method the R.A.R. position is found by computing the total distance between station A 

and the desired point P, and plotting by conventional methods. The following formulas express the 

necessary relations between the given data for the solution of the problem, in which a= distance between 

Band C; b=distance between A and C; and c=distance between A and B. 

Chai b?— (p+)? 
™2(p+e cos 0) 2Ip-+q+b cos (A—6] (1) 

where A is the angle PAB, and @ is the angle measured from AB toward AC in such a direction that 

the direction of AP is reached before AC is reached. 

q+p(1—m)=(mc—b cos A) cos @—b sin A sin 0 (2) 

2 2 

where m ee Note that m is always positive. (3) 

Now let mc—b cos A=d cos 6 (4) 

and 6 sin A=d sin 6 

Solve ford and 6. Let d be always positive, then 6 is uniquely determined. 

Then, 

cos (+s) = pom (5) 

Mathematically, there are two solutions for (6+6) and hence for ¢6. However, in practice, the ap- 

proximate angle @ will usually be known and hence the proper @ can be determined immediately. 

The order of the solution should be as follows: Solve for m in equation (3), for d and 6 from equa- 

tion (4), for (@+6) and 6 itself from (5). All values are now known so that # can be computed from 

equation (1). 

Forms for logarithmic and machine computation can be furnished by the Washington Office. 

683. R.A.R. Sounpine LINEs 

In hydrography it is desirable to sound along a regular system of lines to cover an 
area thoroughly in an efficient and economic manner. In R.A.R. surveys, especially 
where strong currents prevail, it is frequently difficult to follow proposed lines, prin- 
cipally because of the time that elapses after each position before it is plotted. Depend- 
ing on the reliability of the data and the expertness and diligence of the chronograph 
attendant and the plotter, the ship’s position is not known until 4 to 6 minutes after 
the time of the position. The officer-in-charge must always bear this in mind and, 
where a position plots off the line, the course must be changed more than is apparent 

from the boat sheet to bring the ship back on line, because of the distance that the ship 
has traveled since the position. 

The change in course needed to bring the ship back on line may be determined from 
its dead-reckoning position at the instant of change. The new course must be measured 
relative to the last course made good so as to take account of the leeway. To follow the 
proposed line, the course should be changed again when the ship is judged to have 
regained the line, making due allowance for the known leeway. 

Carefully calculated courses should rarely need to be changed more than 1° or 2° 
after each position, although larger changes are sometimes necessary where there are 
erratic currents. Excessive changes in course, causing the positions to plot alternately 
on opposite sides of the proposed line, should be avoided. 
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6831. Best Direction of Lines 

The direction of a system of sounding lines is based principally on the bottom 
relief but it is also selected so as to cover the area in a thorough and economic manner as 
described in 3141A. In R.A.R. surveys there is an additional factor to consider, for 
the system of sounding lines should not parallel the bisectrices between R.A.R. stations 
if this can be avoided. Positions are comparatively difficult to obtain near a bisectrix 

and impossible where the sounding line nearly coincides with a bisectrix. (See 6814 and 
6823.) Therefore, insofar as practicable, R.A.R. sounding lines should be planned in a 
direction more nearly normal to, than parallel to, the bisectrices. 

If the project instructions specify, or the bottom relief makes it desirable, that lines 
be run in a certain direction, the R.A.R. stations should be established where the 
bisectrices will cross the sounding lines at an angle greater than 45°, if practicable. 
Most of the difficulties will thus be eliminated. — 

6832. Splits and Development 

On large-scale surveys, where the sounding lines are closely spaced, it is difficult 
to run splits and develop areas closely, using R.A.R. control only. Such lines have to 
be run much more precisely than those of the general system, and the lapse of time 
between a position and its plotting makes this difficult. 

Where a split has to be run between two closely spaced lines, a preliminary run of 
sufficient length should be made to permit taking and plotting a trial position before 
the line is reached. Best results are obtained if the preliminary run is made in the 
same direction as the azimuth of the split, but it can be made at any angle with the line 
if proper allowance is made for the turning radius of the ship when turning onto the 
course. The course should be changed long enough before reaching the line so that the 
ship will be on the correct heading when on line. 

Development lines are usually run normal to the direction of the general system of 
lines, or at some angle for the best development of the feature. Generally such lines 
must be closely spaced. Each line should be fixed by at least two R.A.R. positions, 

and to provide for this it is occasionally necessary to run longer lines than would be 
required just to cover the feature. For best control of a development line an R.A.R. 
position should be obtained immediately after the ship is on the desired course. The 
last position on a line, just before a change in course is made, may be plotted by dead 

reckoning. 
684. BomBinc OPERATIONS 

The final stage in bomb preparation, the ignition, and throwing the bomb over- 
board, are operations which collectively are known as bombing in R.A.R. The final step 
in preparing the bomb is made after a signal has been received from the chronograph 
attendant or the bridge. At receipt of a second signal the bomb is ignited and thrown 
overboard. After the personnel of a vessel have been engaged in R.A.R. for some time, 

the procedure of bombing becomes routine and experienced personnel are able to per- 
form their duties and obtain the data with a minimum of delay. 

The most important operation in bombing is the final preparation of the bomb, as 
the detonator is inserted into the explosives in the bomb at this time. This operation 
must be performed with the greatest care and attention, as it is the most dangerous 

required in the handling of the explosives on board ship. 
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6841. The Bombing Station 

The bombing station is the deck space on board ship where the final step of bomb 
preparation takes place, and where the bombs are ignited and thrown overboard. It 
should be located near the stern of the vessel and the position from which bombs are 
thrown overboard must be near the rail and unobstructed by rigging. 

The important feature of the bombing station is the bomb locker in which the 

bombs are stowed. This is constructed to be used as a workbench by the bomber 
in the final preparation of the bombs. It should contain several metal-lined drawers 
of various depths to accommodate bombs of various sizes. Metal from which sparks 
can be struck must not be used in the construction. The top of the locker should be con- 
structed as a workbench with four sides to prevent bombs from rolling off, and the bot- 

tom and sides of the recessed bench should be cushioned with a layer of heavy felt or 
other padding material. It should be fitted with a hinged cover which may be raised 
and secured in an upright position. A small padded compartment should be provided 
in which to stow the detonators needed for immediate use. 

The heating element of an electric stove is a convenient and safe means for lighting 
bomb fuses. Two types are manufactured: one is an open type, the wire coil being 

exposed; but in the other, known as a calrod element, the wire coil is enclosed in a 
protective metal tube. The latter type is preferable, for the heating element is protected 
from spray and it does not burn out readily, but it requires a little more time to reach 
the required heat for lighting the fuse. The heating element should be protected in a 
metal container, and located in a protected place near the rail where the bombs are 
thrown overboard. 

The bombing station should be isolated from the rest of the ship as far as prac- 
ticable. When R.A.R. is in progress and bombs are being fired, warning notices, ‘‘no 
smoking”’ signs, or red flags should be displayed just forward of the station in all passage- 
ways leading aft. No one must be allowed to smoke in the vicinity of the bombing 
station and the bomber on watch must be instructed to see that this regulation 
is enforced. 

6842. Final Preparation of Bombs 

The final step in preparing a bomb is carried out just before it is to be ignited and 
thrown overboard, between the first signal for a bomb and the final signal to light it 
(see 6741). 

A number of fuses of various lengths, with detonators attached, are prepared in 
advance for immediate use. The desired length of fuse is cut from the coil, preferably 
with a pair of fuse clippers. It is important to cut the fuse square across and insert it 

into the detonator soon after being cut. The fuse is inserted into the detonator and 
seated firmly against the explosive, but without any twisting motion. If the fuse is 

twisted while in contact with the explosive, friction might cause detonation. A crimping 
tool that makes a watertight crimp should be used to attach the detonator to the fuse. 
Such tools are designed so they will not pinch the fuse and interfere with its burning. 
The detonator should be crimped about one-eighth inch from the open end, and after 
the first crimp it should be rotated about one-quarter turn and crimped again in the 
same place. The detonator should never be crimped in two places, one above the other, 
in an attempt to make a watertight seal, for the lower crimp might be too close to the 
explosive material. 
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As soon as the signal for a bomb has been received, the bomber takes a bomb of the 
size ordered and places it on the workbench. A slender nonmetallic tool is inserted 
through the hole in the top of the can, to make a cavity in the TNT with a diameter 
equal to that of the detonator. The detonator is inserted well within the container so 
that it is embedded in the TNT. With a blunt nonmetallic tool the burs around the 
hole in the top of the can are pressed around the fuse, taking care not to puncture the 
fuse with the sharp edges of the burs. The can does not have to be watertight, but 
the crimp between the fuse and detonator does have to be watertight. 

The final preparation of cast-iron bombs, or bombs in the other types of containers, 
is similar to the above. The fuse for cast-iron bombs should be inserted in the hole in 
the stopper. A cavity for the detonator is made in the TNT and the stopper with 
detonator attached is firmly pressed into place. 

6843. Fuse Length 

A fuse used in detonating an R.A.R. bomb must be sufficiently long to allow the 
ship to pass out of danger before the explosion occurs, but should not be so long that 
the bomb will sink to a depth where a misfire is likely.. Furthermore, it is desirable to 
keep the fuse interval as short as practicable, consistent with safety, for the sake of 
accuracy (see 6853(d)). 

Varying lengths of fuse are generally required for bombs of different sizes, for best 
results seem to be obtained when the bombs explode at about the same depth as the 
hydrophone of the receiving unit, which is approximately 7 fathoms for sono-radio 
buoys. To accomplish this, the rate of sinking of different types of bombs should be 
determined by experiment (see 6846) and a sufficient length of fuse should be used 
to explode each type of bomb at the desired depth. 

a. Fuse interval.—The fuse interval is the interval between the time the bomb is 
thrown overboard and the time it explodes. It is necessary to know this interval to 
the nearest second in order to compute the ship’s run correction (see 6853(d)). For 

this purpose the time of the bomb explosion can be assumed coincident with its receipt 
on the chronograph. The fuse interval is timed by means of a stop watch or from 
the second hand of a clock, except with the Dorsey chronograph where it is recorded 
on the tape (see 6813). The chronograph attendant records the interval in the Bomb 
Record. 

6844. Igniting Bombs 

With the prepared bomb in hand, the bomber stands by the electric heating ele- 
ment ready to light the bomb. The outer covering at the end of the fuse which is to 
be ignited should be pressed back slightly to expose the powder train. At the signal 
to light the bomb, the fuse is held against the electric heater until ignited. This is 
evidenced by a tongue of flame and spitting sparks about 2 inches long that shoot out 
of the end the instant the fuse is lighted. This continues for about a second and is 
followed by smoke rising from the end of the fuse. The presence of smoke indicates 
that the fuse is burning internally. 

Other methods of lighting fuses may be used which dispense with the electric heat- 
ing element. Two accessories are manufactured for this purpose. One is known as a 
“pull wire fuse lighter,” designed for use during rainy weather; it fits over the end of 
the fuse and lights the fuse when a wire is pulled. The other, known as a “safety fuse 
match lighter,’ seems better adapted for use in R.A.R. It is a short paper tube that 
can be slipped over the end of the fuse. One end of the tube is coated with the igniting 
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material used on the heads of safety matches; it is placed in contact with the end of the 

fuse. The fuse is lighted by simply striking the end of the tube with the edge of a safety 
match box. 

A bomb should be thrown overboard when the flame has progressed about 2 inches 
into the fuse. It will then rarely be extinguished by the water. To eliminate any 
possibility of holding the bomb too long after the fuse has been lighted, some bombers 
press the fuse lightly between the thumb and forefinger to follow the progress of the 
flame by its heat as it burns internally. 

6845. Throwing Bombs Overboard 

After the bomb fuse has been ignited, the bomb is held for a few seconds until 
nothing but smoke is issuing from the end of the fuse. This indicates that the fuse 
is burning internally and will not be extinguished when submerged. The bomb must 
be thrown overboard within 5 seconds after ignition of the fuse regardless of external 
or internal evidence. The bomb should be thrown overboard in such a manner that 
it is upright when it strikes the surface of the water, in order not to dislodge the deto- 
nator—this is especially important in the case of cast-iron containers. This is done by 
holding the bomb with the fuse up and giving it a slight rotary motion as it leaves the 
hand. 

Bombs must be thrown outboard 10 or 15 feet beyond the ship’s side so that there 
will be no danger of their being carried into the propeller by suction. 

To ensure a secure footing when handling bombs on a wet deck, suitable ating 
or safety treads should be used on the deck at the bombing sion, 

6846. Depth of Detonation 

The rates at which bombs of various kinds and sizes will sink may be determined 
by experiment. For a tin can bomb, use a lid with no hole in it, and for a cast-iron bomb, 
plug the fuse hole with beeswax. Do not use a bomb with a detonator in it. Lash 
light twine, such as sail twine, to bombs of various sizes and determine the rate of sink- 
ing by measuring the amount of twine payed out in a given number of seconds, timed 
with a stop watch. The twine must be coiled on deck so that it will pay out freely 
and not retard the rate of simking. 

When surveying in shoal water, or at other times, it may be desirable to reduce the 
depth of detonation. A bomb may be prevented from sinking beyond a predetermined 
depth by suspending it from an inflated paper bag used as a buoy, by a length of twine 
equal to the desired depth of detonation. Any paper bag of sufficient size to support 
the weight of the bomb in water may be used. Pieces of wood or other similar articles 
must not be used for floats, because of the hazard left in case the bomb fails to explode. 
The paper bags are safe for they will soon become watersoaked and let the unexploded 

bomb sink to the bottom. The string should be light so that it will break if it fouls 
anything. 

6847. Bombing at Buoy Stations 

A buoy is often located with reference to other buoys by R.A.R. distances. Where 
this method of location is used, bombs must be exploded at one of the buoy stations. 
The same types of bombs are used, but they must be thrown overboard at the buoy 

when it is near enough to the bombing station, and more precise timing is required on 
the part of the bomber. As explained in 2533, there are two general methods for 

locating a station in this manner. 
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If the distances involved are short and only detonators or very small bombs are 
required, they may be thrown overboard at the buoy from the ship lying-to near the 
buoy. In such case bombs are ignited and thrown overboard by the bomber at the 
regular signal from the chronograph attendant, who has the desired number fired in 
rapid succession, one after the other, without scaling the chronograph tapes until later. 
The bomber throws the bombs so that they hit the water within a few feet of the buoy, 
taking care not to hit the buoy structure and damage the bomb. 

Where larger bombs are required, the ship must be underway. The ship follows a 
figure-of-eight course, passing and repassing the buoy, and a bomb is exploded near the 
buoy each time the bombing station comes abeam of it. The bomber must watch the 
buoy as the ship approaches it and judge the distance so as to light the bomb just enough 
in advance so that it will be ready to throw overboard when the buoy structure is 
abeam. The ship should be maneuvered so that the bombing station will be within 
approximately 50 feet of the buoy, when abeam. If the bomber judges that the buoy 
will be beyond a reasonable throwing distance, when it is abeam, he should not light the 
bomb at all. 

6848. Failure to Detonate 

Bombs seldom fail to detonate if they are properly prepared and handled. Any 
of the following things may occasionally cause misfires: 

(a) Breaking the fuse in handling it or using fuse that has been crushed or walked on. 

(b) Wet fuse ends. 

(c) Cutting the fuse with a dull instrument or cutting it on a slant. 

(d) Fuse fitted improperly, as when the fuse is not seated closely against the explosive in the 

detonator, or when the detonator is not properly crimped around the fuse. 

(e) Loss of powder from the fuse end before it is inserted into the detonator. 

(f) Too long a fuse, the bomb sinking too deep. 

(g) Use of too light a detonator. 

(h) Fuse and detonator dislodged from bomb container. 

(7) Throwing bomb overboard before the fuse is burning properly. 

685. CHRONOGRAPH TAPES 

The chronograph tape is the original record from which the time intervals to the 
several R.A.R. stations are determined for recording in the Bomb Record. As the 

chronograph tape is drawn through the chronograph it passes under two styluses that, 
correctly adjusted, draw coincident lines near the middle of the tape. (See 673.) The 
timing stylus, when actuated, makes short offsets below the line at regular intervals, 

and the signal stylus, when actuated by a bomb or radio signal, makes a longer offset 
above the line. From these offset marks on the chronograph tape, the time intervals to 
each station may be determined. 

6851. Reception of Bomb Returns 

After a bomb has been thrown into the water and the chronograph has been started, 
the chronograph attendant, seated at the chronograph where the tape emerges, holds 
the hydro-radio switch in the position to receive the bomb signal through the hydro- 
phone in the hull of the ship. When the offset caused by the bomb explosion is made 
on a Gaertner chronograph tape, it is marked by pencil for identification—on a Dorsey 
chronograph tape it is identified by the zero printed with the next tenth second offset. 
The switch is then released, or otherwise placed in the position, to receive the radio 
signals from the R.A.R. stations. 
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The next offset recorded by the signal stylus under normal conditions will be caused 
by a radio dash transmitted by an R.A.R. station at the instant the sound wave reaches 
its hydrophone. This radio signal may be heard through a loud speaker or indicated 
by the needle of a milliammeter (see 6724). As each radio return is recorded on the 
tape, it should be identified by a pencil mark. After the radio return from the most 
distant R.A.R. station has been recorded, the chronograph is stopped and that part of 
the tape with the record is torn off. Figure 141 illustrates an R.A.R. record on a tape 
from a Gaertner chronograph, with the tape broken into four parts for convenience in 
illustration, and the correct method of marking the returns. 

Scaled time to GOBY - 27.57 sec. 

Initial interval - 0.32 sec. 

-> ° = m & : 27 iG 
I | i 1 

Bomb offset Offset caused by Signal Offset caused by Signal Offset caused by Signal 
from ESAU from DAGO from GOBY 

FIGURE 141.—Elapsed times obtained from a chronograph tape. 

During heavy atmospheric static it is often difficult, and occasionally impossible, 
to record radio returns on the chronograph tape. A heavy crash of static will cause a 
prolonged offset of the signal stylus and a radio signal transmitted during this time will 
be lost under the static. The duration of an offset caused by static may sometimes be 
reduced by pushing the stylus gently toward the center of the tape, provided the static 
is not too heavy. 

The ship’s whistle must not be blown while bomb returns are being received. 
The whistle not only prevents the radio returns from being heard but also causes a 
prolonged offset of the signal stylus, a phenomenon which is called “whistle static.” 

6852. Identification of Bomb Returns 

When R.A.R. was first used, the shore station equipment included an automatic 
key that transmitted a series of radio dashes, when activated by the bomb signal. A 

different setting of the key at each R.A.R. station varied the length of, and the interval 

between, the radio dashes, thereby furnishing a positive means of identification on the 
chronograph tape. However, the series of radio dashes interfered with the reception of 
returns in close succession and the use of the automatic key was abandoned. Other 
means must be used by the chronograph attendant to identify the returns from the 
various R.A.R. stations. 

The best clue to the identification of radio returns is the tone of the transmitted 
signal as heard through the loud speaker. When the radio receiver is properly tuned, 
the return from each station usually has a characteristic tone which is caused by a slight 
difference in the crystal frequency of the R.A.R. station, resulting in a small difference 
in the audible beat frequency on reception (see 6433). The radio technician and the 
chronograph attendant soon learn to recognize the different tones and are thus able 

to identify the stations. 
The chronograph attendant should always know the sequence in which the radio 

returns should come. For the first position in a new locality the officer-in-charge 
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should give this information. The length of the signal offset may occasionally be used 
as a means of identification. The duration of a signal depends principally on the 
strength of the bomb signal at the R.A.R. station, which is variable with distance, and 
on the sensitivity of the R.A.R. station, and to a lesser degree on the strength of the 
batteries. If one of the stations is more sensitive than the others, it will transmit a 

longer signal which will be recorded on the chronograph tape as a longer offset and 

furnish a means of positive identification. 
In routine operations, after a few positions, the identification of the various 

stations is simple when the positions are obtained at equal time intervals and the ship 
is maintained on approximately the same course. The chronograph attendant can 

take the differences between successive time intervals from an R.A.R. station and 
from these determine whether the time intervals are increasing or decreasing and the 
magnitude of the change. By extrapolation he can closely estimate the time interval 
for a station at the next position, and he may often be able to identify the first of two 

returns where the position is near a bisectrix between two stations (see 6823). The 
officer-in-charge should also notify the chronograph attendant when a major change in 
course is made and about how this will affect the differences between successive time 

intervals. 
In rough weather a sono-radio buoy that is too sensitive will transmit radio signals 

as the buoy structure rises and falls with the swell or waves; or the noise from the 
propeller of a nearby vessel may cause an R.A.R. station to transmit signals at various 
intervals. Such signals are called strays and the sounds received are short and sharp, 
resembling somewhat the chirping of small birds or crickets. Because of their short- 
ness, such signals are usually easy to distinguish from the bomb returns but, when such 
a stray is recorded just before the bomb return, too close to be distinguished by ear or 
recorded as a separate offset on the chronograph tape, an error may result in the meas- 
ured time interval. During periods when strays are being transmitted by any station, 
the chronograph attendant must pay particular attention to the returns from that sta- 
tion, and any which he suspects of stray interference should be questioned in the Record, 
and the plotting station should be warned when the time intervals are communicated. 

After the returns have been identified, the identity of each should be indicated on 
the chronograph tape. The name of the station may be written in full or it may be 
merely indicated by using the first letter of the station name, as in figure 141. 

6853. Scaling Chronograph Tapes 

A complete record on a chronograph tape contains a series of signal offsets on one 

side of the centerline, which have been identified by pencil marks when received, and 
time offsets at regular intervals for its entire length on the opposite side of the center- 

line. 
To measure the time intervals it is only necessary to determine, in fractions of a 

second, where each signal offset occurs between two adjacent time offsets, first counting 
the time offsets. The time offsets on the tape should be numbered, unless this is done 
automatically as on the Dorsey chronograph (6733), using as an initial the first time 
offset after the bomb explosion. This initial is numbered zero and, counting from this 
offset, each fifth one is numbered, as well as the offset preceding each radio return 
(see fig. 141). To aid in numbering the time offsets on a Gaertner chronograph tape, 
a length of tape with seconds marked on it may be run off, and the offsets numbered 
consecutively for use as a standard scale. This standard tape may be secured to the 
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top of the chronograph desk or table where it will be convenient for the chronograph 
attendant to compare any other tape with it when numbering the time offsets. 

An R.A.R. chronograph scale (4825) is used to measure fractions of a second on a 

Gaertner chronograph tape. With the horizontal lines of the scale parallel to the center- 
line on the tape, the scale is adjusted until the extreme converging lines on each side 
of the scale coincide with the time offsets where they leave the centerline. Where the 
signal offset leaves the centerline of the chronograph tape, the fractional part of the 

second may be read directly in tenths and estimated to hundredths. For a Dorsey 
chronograph (6733) no scale is necessary because the time offsets are registered every 
tenth second on the tape. 

In connection with the determination of time intervals from a chronograph tape 
the following terminology is used: 

(a) The initial is the first time offset after the signal offset caused by the bomb 

explosion. It is marked zero on the chronograph tape and all time intervals are 

reckoned from it. 
(b) The initial interval is the interval between the bomb signal offset and the 

initial or zero. It is always measured to the left from the initial, so that this interval 
may be applied as a plus correction to the measured times of the radio returns (see 
(c) below). Errors are occasionally made by measuring the initial interval to the right 
from the time offset preceding the bomb explosion. 

(c) The scaled time is the interval between the initia] and the signal offset indicating 
the receipt of the sound at the R.A.R. station. It is always measured from the initial, 

from left to right. It is equal to the fractional part of a second, measured from the time 
offset preceding the return, added to the total number of seconds from the initial. 
Sealed times are illustrated in figure 141. 

(d) Ship’s run correction—The position that is determined is the position where 
the bomb strikes the water (6811), but by the time of the explosion, the ship, if under- 
way, will be some distance from this position and a measurable time will be required for 
the sound of the explosion to reach the ship’s hydrophone. The actual time of the 
explosion is always earlier than is indicated on the chronograph tape. All tape times 
must, therefore, be corrected by an interval based on the speed of the ship, the fuse 
interval (see 6843a), the distance between the bombing station and the position of the 
ship’s hydrophone, the depth of the ship’s hydrophone, the depth of detonation, and 
the velocity of sound in sea water. 

A table for various fuse intervals and ship speeds is convenient for obtaining the 
ship’s run correction. This table should be prepared in advance and posted at the 
chronograph station. It can be computed from the formula: 

4 ae UO 

in which 7=ship’s run correction in seconds; b=depth of bomb explosion in meters; 
h=depth of ship’s hydrophone in meters; d=distance in meters the ship (hydrophone 
location) has traveled during the fuse interval; and v=velocity of sound in meters per 
second. It is sufficiently accurate to base the table on an average rate of sinking, 
regardless of bomb size, and on an average surface velocity of sound expected during 
the period, so that the same table of corrections may be used throughout a season. 

The ship’s run corrections given in table 22 were computed by using a uniform rate 
of bomb sinking of 4 fathom per second, a depth of the ship’s hydrophone of 2 fathoms, 
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and a velocity of sound of 1,490 meters per second, for the special case where the bomb- 
ing station is directly over the ship’s hydrophone. 

TaBLE 22.—Ship’s run corrections 

{In seconds] 

Speed in knots 

Fuse interval, 
seconds 

4 5 6 G 8 9 10 11 12 13 14 

7 0.01 | 0.01 | 0.01 | 0.02 | 0.02 | 0.02 | 0.02 | 0.03 | 0.03 | 0.03 0. 03 
8 01 01 02 02 02 5 (8? 03 03 03 04. 04 
9 O01 02 02 02 03 5 (O33 03 03 04 04 04 

10 Ol 02 02 02 03 . 03 03 04 04 05 05 

1 02) "02"! 02°)" 03") F038") 03" | Poe | 04! 205") “Sage eee 
12 02 02 03 03 03 . 04 04 05 05 05 06 
13 02 02 03 03 04 . 04 05 05 05 06 06 
14 02 02 03 03 04 . 04 05 05 06 06 07 
15 02 03 03 04 04 . 05 05 06 06 07 07 

16 02 03 03 04 04 5 O% 06 06 07 07 08 
17 02 03 04 04 05 . 05 06 06 07 08 08 
18 03 03 04 04 05 . 06 06 07 08 08 09 
19 03 03 04 05 05 . 06 07 07 08 09 09 

Table 22 may be used as a basis for computing the corrections for any ship by adding 
(or subtracting) the time interval equivalent to the distance between the bombing 
station and the ship’s hydrophone to those given in the table, provided this distance 
is not too great, and provided further that the average surface velocity of the area does 
not differ by more than 20 meters per second from that used to compute the table. 

The ship’s run correction must not be used to correct time intervals obtained while 
the ship is lying-to, bombing at buoys. A correction based on the average distance 
from the buoy to the ship’s hydrophone, the depth of detonation, and the velocity 
of sound, must be computed and used to reduee the scaled times. 

(e) The elapsed time is the total time interval from the bomb explosion to the arrival 
of the sound at the R.A.R. station. It is the scaled time plus the initial interval plus 
the ship’s run correction. . 

The method of recording time intervals in the Bomb Record is described in 8311. 
* 

6854. Disposition of Chronograph Tapes 

Immediately after the time intervals from a chronograph tape have been com- 
municated to the plotting station, the values should be verified, if there is sufficient 
time between positions, or if someone can be assigned to the chronograph station for 
this purpose. The radio technician on watch may occasionally be able to do this 
when he is not otherwise engaged. If the time intervals are not verified at this time, 
this must be done later. The chronograph tapes must be marked for future identifica- 
tion and folded and filed in a manner for easy reference. 

Chronograph tapes are marked for identification with rubber Stamp No. 41, 

shown in figure 142, which provides spaces in which the position number, the day 

letter, the sheet number, and the date should be entered. The stamp is used on the 
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back of the tape near the initial end, and the data should be entered before the tape 
is folded. 

After the tapes have been verified they are folded to a uniform size. A Wright 
bobbin, similar to the instruments used by net makers to obtain a uniform mesh, may 
be made from a thin piece of hardwood or plastic material on which the tapes may 

FIGURE 142.—Facsimile of stamp used on chronograph tapes. 

be uniformly folded. The Wright bobbin should be about 5 inches long and the end 
edges should be beveled slightly so that the folded tape may be removed without 
difficulty. The tape should be folded with the initial end on the outside so that the 
identifying data will be exposed to view. 

The folded chronograph tapes should be filed in numerical order in a box or a drawer 
at the chronograph station and, at the end of survey operations each day, they should 

be tied in a package, marked so that it may be identified. Strips of stiff cardboard, 
of the same size as the folded tapes, should be placed on the top and bottom of the 

package and the whole held together by rubber bands near each end. The two card- 
board strips may be stamped with rubber Stamp No. 41 and the identifying data 

entered. ' 
The packages of chronograph tapes should be stored in the field records locker 

and be preserved with the same care as any original records. 
The tapes must be preserved for the use of the smooth-sheet plotter and accom- 

pany the other survey records until the smooth sheet has been plotted and is ready 
to be sent to the Washington Office, when they may be destroyed. 
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CHAPTER 7. THE SMOOTH SHEET 

The smooth sheet is the name given to the hydrographic survey when reduced to 
plot form. It is essentially a record of the soundings taken during the field survey, 
but contains other data necessary for a proper interpretation of the survey, such as 
depth curves, bottom characteristics, names of geographic features, and control 

stations. The smooth sheet is plotted with the utmost care in the drafting room of the 
ship or a field office either as the survey progresses or after it is completed. After 

registry, verification, and review in the Washington Office (see 93), the smooth sheet 
becomes the official permanent record of that particular survey. It is as complete for 
the water area as it is practicable to make it, and subsequent reference to the original 

Sounding Records is rarely necessary. 

71. THE SHEET 

711. SmMootH-SHEET PAPER 

It is obvious that surveys which cost thousands of dollars to execute should be 
plotted in their final permanent form on the best practicable medium available. Ex- 
perience has shown this to be first-quality white drawing paper mounted on muslin. 

This paper is known as smooth-sheet paper, and is available in several makes and sizes. 

Smooth shects shall be prepared only on paper furnished by the Washington Office 
for that purpose. 

7111. Whatman’s Paper 

The standard paper for smooth sheets is Whatman’s paper, available in only one 
- size, 31 by 53 inches. In this paper the muslin backing extends approximately 1 inch 
beyond the paper on each edge, which feature tends to preserve the edges of the paper 

during extensive use and also prevents cracking. Whatman’s paper shall be used for 
all smooth sheets where the size permits, and this requirement must be given full 
consideration in planning the sheet layout for any given area (see 1361). 

7112. Other Papers 

Other mounted smooth-sheet paper is available in widths of 36 and 42 inches, in 

continuous rolls of 10 yards each. This should be used when the layout of sheets 
requires the use of larger sizes than the standard, as is frequently the case with offshore 

surveys. The quality of the different makes varies, ‘‘Paragon’’ being considered the 
finest drawing paper made. But this is foreign made and is difficult to get at the pres- 

ent time. In 1942 the best available paper is Keuffel & Esser No. 13320 DM. 

465382—44 AZ 
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When paper other than Whatman’s standard is used, the smooth sheet shall have 
noted in the margin the maker’s name and the trade name or number of the particular 
paper, if these are known. Some papers have this information imprinted at regular 
intervals along the margin but if this imprint does not contain all the desired data or 
if the entire imprint does not appear on the smooth sheet, it must be noted thereon 

in ink. 
7113. Defective Paper 

Drawing paper is purchased by the Federal Government in accordance with stand- 

ard specifications. These require generally that paper be free of surface imperfections, 

that it be subject to a mimimum dimensional change, that it permit inked lines to be 
drawn. without spreading or feathering, and that it permit several successive erasures, 

with rubber or steel, in the same spot, on which lines can be subsequently inked with 

little or no spreading or feathering. In addition, the paper must not be so stiff and 
rigid that it will not withstand a reasonable amount of rolling and flexing without 

cracking. 
Notwithstanding the specification requirements, considerable variation in the 

quality of smooth-sheet paper is found in practice. Paper which does not comply to 

a reasonable degree with the above general requirements shall not be used for smooth 
sheets and the Washington Office shall be notified of the specific fault in a letter stating 
the maker’s name, the trade name of the paper, and the date of shipment to the party, 
if these are known. 

7114. Paper Distortion 

Drawing paper, not mounted on metal, does not exist which is free of distortion 
under varying conditions of temperature and humidity. ‘This distortion is a decided 
nuisance to the surveyor in his field work and to the cartographer who subsequently 
uses the smooth sheet in the Office. The distortion is more troublesome in rainy 
climates and in localities where there are rapid and large changes in humidity. Because 
of this distortion, distances once laid off cannot be assumed to retain their correct 

length. If distances are plotted for use at some future date, it is necessary to verify 

them before use. 
The best quality of smooth-sheet paper is manufactured so that the percentage 

of contraction or expansion is nearly equal in all directions. Such distortion can be 
compensated for, especially if it occurs after the survey has been completely plotted, 

because the effect is merely a change in scale. Where the percentage distortion is not 
uniform in all directions, as is the case with many grades of paper, its effect is relatively 
easy to compensate for, provided certain precautions are taken in laying out projections 

(see 1362). 

One test for distortion made in the field in Alaska in 1931 showed a maximum di- 

mensional change in a standard Whatman sheet of 1.12 percent in length and 0.62 per- 
cent in width; the sheet assuming its greatest dimensions on a foggy day when the sheet 
was damp and its minimum on a clear day when the sheet was quite dry. 

Recent tests in the Washington Office show that the following distortions may be 

expected for the various papers listed: 
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TABLE 23.—Paper distortion 

Percentage of distortion caused 
by a change from 27 to 89 
percent relative humidity 

Type of paper or material 

Across short Along long 
dimension of dimension of 
sheet or roll sheet or roll 

Wellmlaseracetaben =< tee eR: 12h Ik UN Ae gdh Ee 0. 29 0. 19 
Bimenaperin Wwe vo 1s, INO. 13822-Me 2-2 een oe et lee 0. 51 0. 25 
Chartgpaper (unmounted)! ! glia: tees a. aleecet to tela be 0. 65 0. 29 
Buty paper, Ke & 1. Duplex;No. 141 \(in sheets) _2-_----2_ 2.12.8 0. 75 0. 35 
WYETECTORDCT WV CIUING (aie ss en at ee ee Soe ne eee ee 0. 61 0. 39 
Butpaper, cK jéo, DuplexyNoj 141 (inrrolls) i422) sui lense 22 0. 65 0. 40 
Wititespaper, (Kader. Paragon’: 0 U8 waite et 0. 97 0. 45 
PEER DCRAWiNabMani= oe fe a> Sete ee Doe ee eee 0. 40 0. 56 
finacimpypaper, Ke ab. lonie No: 1902 2-2 2-2-2 = Lb 0. 54 0. 13 
MARI papers POs INO lio 6 2 te Te jy LUE oe so) Vo 0. 82 0. 28 
Prac DA DeT eC. Gk DOricn swe. obs, a ee St ee ee 0. 99 0. 27 
Hracing cloth, :Ke & Wd Nol Ss03n0 sui os) Se tsit tala sie_sthe 1. 00 0. 28 

7115. Seasoning Drawing Paper 

Smooth-sheet paper should be well seasoned in the climate in which it is to be used 
and for as long a period as practicable before the projection is drawn. Paper in tight 
rolls, or in stacks or piles, will not season. Each sheet should be laid out or hung up 
separately where it will be completely exposed to the air on both sides for at least a few 
days, if not weeks, before use. For best results the period of seasoning should embrace 
a great variation of temperature and humidity. 

If a sheet cannot be seasoned by laying it flat, it should be hung from successive 
edges and subsequently laid flat for several days before use. 

The contraction and expansion seems to be greater during the seasoning period 
than subsequently. The paper seasons and settles'down so that less distortion may be 
expected later. 

7116. Drawing Paper in Rolls 

Drawing paper in rolls is tightly rolled by the manufacturer and soon assumes a 
set in this position. It must be unrolled with extreme care or it will have a tendency to 
buckle or perhaps even crack. It is best to unroll it gradually over a period of several 
days before trying to put it in a flat position. This is done by first loosening the outer 
turns of the roll, until as much paper as is likely to be needed at the time has assumed a 
diameter perhaps twice as large as the roll had originally. The next day it is expanded 
again in diameter and so on, leaving it in the enlarged roll each time for a day, if possible, 
until it can be cut off the roll and laid flat for seasoning. 

7117. Drawing Paper Requisitions 

All smooth-sheet paper requirements should be requested from the Washington 
Office by ordinary letter, specifying the kind, grade, make, size, and quantity desired. 

712. SmMootH-SHEET SIZE 

The standard size of smooth sheets is 31 by 53 inches and they shall ordinarily 
not exceed this size. It is sometimes impracticable to maintain this limit because of 
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the configuration of the shoreline, the availability of the signals, and the necessity for 
controlling offshore hydrography from shore signals. But the maximum size, which 
shall never be exceeded under any circumstances, is 42 by 72 inches. 

For projections made in the Washington Office on the projection ruling machine 
the maximum size of the area on which lines can be ruled and the maximum size of the 

paper are given in 7327. 
7121. Dog-Ears 

Dog-ears are small drawing paper extensions to the smooth sheet used for including 
control stations or portions of sounding lines that plot beyond the limits of the sheet 
unavoidably or through an error in the original layout. 

Dog-ears must be avoided wherever possible. Eventually they almost always tear 
off or become so mutilated that they must be removed, and the smooth sheet itself is 
generally buckled in the process of adding the extension. Extreme care must be exercised 
in making the layout in order to ensure that all the needed control will fall within the 
limits of the sheet. . 

Where it is necessary to use a permanent dog-ear, the paper shall be neatly stapled 
to the smooth sheet with a wire stapler, using the minimum number that will ensure 

permanence, and avoiding inter- 

ference with plotted information. 
Under no circumstances shall a 
permanent dog-ear extend more 
than 6 inches beyond the edge of 
the sheet. 

If only a single station is to be 
included, the dog-ear shall be made 
of tracing paper, temporarily added 
to the smooth sheet by rubber ce- 
ment or in any other way which 

will not damage the sheet. Three 
fine inked lines shall be drawn on the smooth sheet toward the station on the dog-ear, 
of such lengths and azimuths as will permit relocating the station in the future on another 
temporary dog-ear, should that become necessary. Hach such line shall be marked 

thus: ‘‘to A MARKO” (see fig. 143). 

713. AuxILIARY PLOTTING SHEETS 

——— 

To _A\| MARKO 

| 
| 

FIGURE 143.—Temporary dog-ear for smooth sheet. 

Grained or painted aluminum sheets and drawing paper mounted on aluminum 

sheets are occasionally useful as accessories to the smooth sheet for— 

(a) Plotting and adjusting the positions of survey buoys located by any of the methods described 

in section 25, when plotting is preferable to computation. For example, where the computations are 

too involved, as in the case of cuts obtained from a vessel whose position is determined by a three- 

point fix (see 2514 and 2552) ; where buoys are located by taut-wire distances; or where they are located 

by subaqueous sound ranging. 

(b) Plotting and adjusting hydrographic positions located by; dead reckoning, astronomice sights, 

R.A.R., and combinations of these. 

Tn all cases in which aluminum sheets are used as intermediaries the final results 

must be transferred to the smooth sheets; in the case of control, by dms. and dps. 
(see 7411); and in the case of hydrographic positions, either by dms. and dps. or by a 

tracing-paper transfer similar to that described in 7413. As finally plotted, the smooth 
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sheet must be complete without the necessity of reference to the aluminum sheet which 
is not a part of the permanent records. The smooth sheet itself, however, must not 
be plotted on aluminum. 

7131. Grained Aluminum Sheets 

The maximum size of aluminum sheets available at the Washington Office is 38 by 
54 inches and they are all 0.02 inch thick. This size or smaller can be furnished either 
erained, painted, or mounted with drawing paper. A sheet of maximum size costs 
about $2.50 and the cost of graining is approximately 60 cents per sheet. 

The grained surface of an aluminum plate will take either pencil or ink, but the 

abrasive nature of the surface wears a pencil point down so rapidly that it is difficult, 
if not impossible, to draw fine lines with a pencil sharpened to a chisel point. Soft 

pencil marks can be removed with art gum. A hard eraser should not be used since it 
removes the grain and once this has occurred neither ink nor pencil marks can be made 
on that portion, unless it is subsequently roughened with a snake slip. Ink 
can be removed from the grained surface by the use of water or a dilute solution of oxalic 
acid (1 ounce oxalic acid crystals to 15 ounces of water). A slight stain will remain 
which can be removed by the use of a snake slip. 

Used aluminum plates need not be returned to the Washington Office. 

7132. Painted Aluminum Sheets 

Painted aluminum sheets are similar to the above, except that, instead of being 

grained, the drawing surface is provided by spraying the aluminum with enamel paint. 
The plates are generally given three or four coats of the enamel, applied in the same 
manner as is the finish on automobile bodies. 

Both ink and pencil work can be done on painted aluminum sheets although with 
not the same facility as on a good grade of drawing paper. 

7133. Mounted Aluminum Sheets 

Drawing paper mounted on aluminum sheets is the most satisfactory solution of 
the distortion problem if the sheets are not unduly exposed to moisture. The paper 
must be mounted on both sides of the aluminum regardless of whether one or both sides 

are to be used; otherwise the paper will contract or expand and so warp the aluminum 
sheet that 1t will not lie flat. Mounted aluminum sheets are prepared in the Washing- 
ton Office and any make of unmounted drawing paper can be used. The kinds ordi- 
narily used are chart paper or two-ply Bristol board, depending on the purpose for which 

they are intended. (See also 233.) 
In mounting, the paper is applied to the two sides, one at a time, with a high quality 

lithographic paste, sparingly used and avoiding excessive moisture, as the latter has a 
tendency to make the paper surface porous or mushy which ruins the fine drawing quality 
of the paper. One of the requirements for successful mounting is that the paper must 
be bonded to the aluminum under considerable pressure, this pressure being more impor- 
tant than the quality of the paste. 

Some difficulty has been encountered with the moisture in the paste oxidizing the 
aluminum and causing blisters to form at some future time. Of course this is no draw- 

back if the sheet is being prepared for immediate temporary use. This difficulty can 
be overcome in various ways, one of the most successful of which is coating the aluminum 
with shellac before mounting. 
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714. Tracinc MerpiuMs 

7141. Tracing Cloth 

Tracing cloth is a fine semitransparent linen or cotton cloth, sized on one side, and 
dull on the other. The best grade is free from pinholes. Because starch is used in its 
preparation, water will ruin and spot the surface, the spots showing on any reproduc- 
tions. When working with tracing cloth, the portion not being used should be protected 
from perspiration by a sheet of paper. 

The dull side of the tracing cloth should be used for all work because it takes ink 
better. Inking on tracing cloth is facilitated by dusting with tale or pounce, rubbing 
lightly with a cloth to remove traces of grease which prevent the flow of ink from the 

pen. 
Tracing cloth distorts considerably more with age and climatic changes than trac- 

ing paper and therefore should not be used where a minimum of distortion is required. 
The best grade of cloth is not as transparent as a good grade of tracing paper. 

The most satisfactory tracing cloth on the market in 1942 is ‘‘Micro-Weave,” 
fabricated by Holliston Mills Company. It is made in 10- and 20-yard rolls in almost 
any width desired, and in rectangular sheets in a number of sizes from 19 by 24 inches 
to 41 by 59 inches. The sheet form is available on the General Schedule of Sup- 
plies, but the roll form isnot. An inferior grade of cloth in 24-yard rolls can be furnished 

from the Schedule in widths of 30, 36, and 42 inches. This grade is suitable for use in 
protecting the smooth sheet during plotting (see 761). 

7142. Tracing Paper 

Tracing paper (or vellum) is a thin tough semitransparent paper suitable for 
making tracings of drawings, or for miscellaneous use where permanence is not im- 
portant or where pencil work is sufficient. The best quality is odorless, white, 100 
percent rag, with a high degree of transparency and smooth surface, the texture per- 
mitting erasures without damage to the paper. 

The best tracing paper, not available in 1942 because of the war, is foreign made 
under the trade name“ Doric” and is marketed by Keuffel & Esser Company, New York. 
It is usually obtained in 20-yard rolls in widths of 30, 36, and 42 inches. Substitutes 
must be selected with care as there are many inferior grades on the market. Post’s 
No. 173, fabricated by Frederick Post Company, Chicago, Illinois, is satisfactory for 
all except the most critical work. 

7143. Cellulose Acetate 

Transparent cellulose acetate sheeting (better known under the more familiar 
trade name ‘‘Celluloid’’) is useful either as a tracing medium or as a transparent cover 

for smooth sheets, maps, charts, etc. Cellulose nitrate sheeting must not be used 

since it is highly flammable and its presence creates a definite fire hazard. Cellulose 
acetate on the other hand burns at about the same rate that paper does. 

The sheeting is used in two grades: (1) low shrinkage grade, for work requiring 
a minimum of distortion, and (2) ordinary grade, for ue ee in which dimensional 

changes are not important. 
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The types of cellulose acetate ordinarily available are described below. All four 
kinds can usually be furnished by the Office although only the first three are on the 
General Schedule of Supplies. 

(a) Cellulose acetate sheeting, special low shrinkage, one side frosted for drafting, 40 inches wide by 0.008 inch thick, in sheets 

50 and 60 inches long and in rolls. 

(b) Cellulose acetate sheeting, ordinary grade, one side frosted for drafting, in sheets 20 by 50 inches in size, and in thickness 0.005 

inch, 0.0075 inch, and from 0.01 inch to 0.125 inch. 

(c) Same as (b), except both sides are clear. 

(d) Cellulose acetate sheeting, ordinary grade, clear, available in rolls up to 40 inches wide and from 0.00088 to 0.002 inch thick. 

Sold under the trade name of ‘‘Rigid Kodapak’’ by Eastman Kodak Company. 

The frosted sheeting is preferable for either pencil or nk work. The clear sheeting 
cannot be used for pencil work and is not too satisfactory for ink work. 

_ To ensure ease in drafting and the most permanent bond of the celluloid ink (see 
7261), the surface of both the frosted and clear sheeting should be cleaned thoroughly 

with either ammonia (U.S.P.) or magnesium carbonate, applied with a soft cheesecloth. 

Tracing cloth powder can also be used for this purpose, but magnesium carbonate 
seems to give better results. 

72. DRAFTING AND LETTERING 

721. CHARACTER OF THE DRAFTING 

Artistic drafting and lettering are neither necessary nor desirable on a smooth 
sheet. A hydrographic survey is an engineering product and the resulting smooth 
sheet should give the appearance of such, rather than that of a work of art. The final 

result must be first, accurate; second, legible; and third, neat. While neither expert 

draftsmanship nor penmanship is required, the drawing should be of such quality that 
there will be no impression of carelessness, since a drawing apparently carelessly made 
is likely to reflect on the accuracy and the reliability of the field work. Care and 
patience combined with sufficient practice will produce the necessary accuracy and 
legibility. 

It is particularly important that the smallest details appear on the smooth sheet 
accurately and clearly. In general, it should be possible to read, without difficulty, 
everything on the smooth sheet without the use of a magnifying glass. Those engaged 
in constructing, inking, and lettermg smooth sheets should constantly keep in mind 
the fact that photographic copies of smooth sheets are frequently made for the use of 
agencies and persons, who have no access to the original documents, and that often 
these copies are at a one-half reduced scale. 

It is only by following prescribed standards that an entirely satisfactory smooth 
sheet will be produced (see fig. 171). Particularly important is the use of standard 
symbols (see figs. 169 and 189), as great confusion often results where nonstandard 
symbols are used or where symbols are drawn so poorly as to make misinterpretation 
possible. Soundings, in particular, must always be clear and legible (see fig. 163). 

722. ORIENTATION OF SMOOTH SHEET 

North shall always be considered the top of the smooth sheet, whether or not the 
projection lines are parallel to the edges of the sheet. In plotting and inking smooth 
sheets all lettering and numerals of any kind shall be so lettered as to be read from the 
south (see 7733). Where geographic names or legends cannot be lettered on an east- 
west line, but must be lettered at an angle or on a curve, they shall be so arranged as to 
be read when looking directly north (see 7872). 
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723. LETTERING 

The lettering on a smooth sheet should be bold rather than the reverse. Extremely | 
small letters and numerals should be avoided unless lack of space renders a small size 

absolutely necessary. Thin ink should be avoided. Unless ink of sufficient body is 
used, the central part of the inked line frequently thins out, particularly where a 
mechanical lettering set is used. This results in a poor appearance and makes satis- 

factory photography of the smooth sheet impossible. Each inked line, whether in black 
or color, should present a solid uniform appearance throughout. 

It should be noted that, in general, any number appearing in the water area of 
the smooth sheet should be in slanting numerals, except of course the soundings and 

position numbers, which are vertical (see 7825 and 7843). 

Periods shall not be used in the water area (see 781). 

7231. Mechanical Lettering Sets 

Unless the draftsman is particularly skilled in lettering, it is preferable that a 

mechanical lettering set be used, where practicable. There are several types of these 

on the market (see 4834). For most small lettering the pen sizes recommended by 
the manufacturer of the Leroy sets produce too heavy a letter. The preferable size 
for smaller lettering, such as station names, is ‘“‘No. 00.” 

724. SELECTION OF PENCILS 

Although individual preferences vary somewhat, the experienced draftsman know- 

with which make and grade of pencil he can obtain the best results for any given require- 
ments. All makes of drawing pencils listed in the General Schedule of Supplies, the 
standard list of materials contracted for by the Government, can be considered of high 
grade and of comparable quality, although tests have shown that a variation of approx-: 

imately one grade may be found in the hardness of one make as compared with another. 
Gradations of any one make, however, can be depended upon to be consistent. Before 

being listed in the General Schedule of Supplies, drawing pencils are rigidly tested to 

determine whether they comply with the specifications, The leads in most pencils 
are made by the same process. Of those listed in the General Schedule in 1942 the 
Van Dyke Microtomic Graphite is believed to smudge the least and the Koh-i-noor 

and Turquoise pencil leads are thought to average slightly harder for the same grade 
than other-makes. It is also the belief of some draftsmen that the Koh-i-noor leads 
are, on the average, of a more uniform quality. 

For most pencil work on a smooth sheet, pencils of a grade no harder than 3H or 
4H should be used, except for the construction of projections and the plotting of control 

stations by dms. and dps. (see 7411). For these a much harder pencil should be used, 

extreme care being required to prevent damage to the surface of the paper. On 
a humid day when the paper is likely to be damp and easily indented, a pencil one 
gerade softer should be used than is customary for the same purpose on a dry day. 

Under no circumstances should a hard chisel-edged .pencil be used to draw the 
connecting lines between positions on the smooth sheet, because this may result in 
rupturing the paper at the most critical place, that is, along the line of soundings. 
Furthermore, the indentation formed makes inking the soundings extremely difficult, 
because the pen catches in the indentation. A pencil no harder than 4H, sharpened 
to a point, not a chisel edge, should be used for this purpose. 
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725. SELECTION OF PEN PoINTs 

The drafting pens on the General Schedule of Supplies are not uniform in quality 
nor are they tested as thoroughly as the pencils are. As in the case with pencils, an 
experienced draftsman will know with which make and type of pen he can obtain the 

best results for a particular style of drafting. 

The Gillott crow-quill pen (No. 659) is believed to be the best all-purpose pen 
for fine work, especially after the point has been dressed slightly. For a draftsman 
who prefers a fine limber point, Gillott No. 290 or No. 291 is perhaps the best. For 
average work Gillott No. 170, and for heavy work such as shoreline Gillott No. 303 
or No. 404, are recommended. For the very fine lines required in inking day letters 
and position numbers on sounding lines, a Hunt No. 104 may be preferred to the 
Gillott No. 290 or the crow-quill. 

In 1943, because of the war, Gillott pens were not obtainable. Esterbrook pens are 
the best available on the General Schedule of Supplies. The numbers of comparable 
grades of Esterbrook pens are 62, 354, 355, 356, 357, and 358, for Gillott pen numbers 

659, 291, 290, 170, 303, and 404, respectively. 

726. INKs 

Waterproof drawing inks, particularly colored inks, vary considerably in quality 
from year to year and no recommendations can be made at any particular time with 
the expectation that they will be found correct in the future. The inks listed in the 
General Schedule of Supplies are satisfactorily tested before listing, and it is believed 

that at any given date the General Schedule is, perhaps, the best guide. It does not 
follow, however, that if ink of one make is satisfactory in one or two colors, other colors 

of the same make will necessarily be satisfactory. Experience is, after all, the best 
cuide. 

Black waterproof drawing ink is the only ink which is entirely waterproof. Other 

colored waterproof inks are not fully waterproof and this fact should be carefully 
considered in connection with their use. 

In the past, Higgins waterproof drawing ink has, perhaps, been found consistently 

better than other makes. At the present time both Higgins and Keuffel & Esser black 

waterproof ink comply with the federal specifications. 

7261. Celluloid Ink 

While ordinary drawing ink can be used on celluloid sheeting, it is preferable to 
use celluloid ink because it makes a more permanent bond and does not rub off or chip 
so easily. It can be removed with a steel eraser; ight ink work can be removed with 
an ink eraser or an erasing machine, the latter leaving a better surface for redrafting. 

Celluloid ink will be furnished by the Office on request. It is available in light, 
medium, and heavy grades. The medium is more generally used. The solvent in 

celluloid ink evaporates rapidly making it necessary to thin the ink from time to time. 
This is done with a special thinner, which is also available on request. A small quantity 
at a time should be thinned, suitable for the individual draftsman. 

727. ERASING AND CLEANING 

During the construction and plotting of the smooth sheet every effort should be 
made to keep the sheet clean and to avoid placing unnecessary marks thereon (see 731). 
Even with considerable care, a smooth sheet will eventually become slightly soiled. 

465382—44—_44 
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Errors are occasionally made which must be corrected, and temporary notes or lines are 
placed on the sheet which must be removed. These erasures as well as the cleaning 
of the sheet require extreme care in order to avoid damaging the surface of the paper. 

Most temporary pencil lines and notes, if made lightly with a 3H or 4H pencil, can 

be removed with an art gum eraser without damage to the paper. Penciled errors and 

the badly smudged places generally require the careful use of a soft red eraser of the 
“Ruby” or ‘‘Venus”’ type now on the General Schedule. Ink erasures cannot be made 
without some damage to the surface, but less damage is generally caused with the skill- 
ful use of an electric eraser (see 4852) than by any other method. Hard abrasive 
erasers should never be used, even for the removal of ink work. Colored erasers 

should always be tested before use to determine whether the color rubs off, and if so, 
they must not be used on the smooth sheet. 

The sheet in general may be cleaned by crumbling a small piece of art gum over it 
and gently rubbing the crumbs across the surface with a piece of clean white paper 
placed flat under the hand. Bread crumbs may be used for the same purpose. 

73. PREPARATION OF THE SMOOTH SHEET 

The completed smooth sheet is a valuable original document. It is preserved 
indefinitely in the archives at the Washington Office. The amount of care taken to 
protect the sheet during its construction will be directly reflected in its future longevity. 

731. Prorection oF SmMootH SHEET 

Prior to and during the construction and plotting of the smooth sheet, the paper 
should be kept in as dry a place as possible, especially if the climate is at all humid. 
All drafting work is done much easier on dry paper. 

It is inevitable that the sheet will become slightly soiled while being worked on, 
but there is no reason why it should be soiled excessively if a reasonable amount of 
care is taken to keep all parts of the sheet covered, except the small area on which work 
is actually being done. 

Smooth-sheet paper has a specially prepared surface and every care should be taken 
to avoid damage to this surface. Lines should never be scratched on the paper, except 

short arcs necessary in constructing a projection. This damages the surface and ink 
runs in the scratches. It is equally important to avoid the indentations made by using 
too hard a pencil or by pressing too heavily when drawing lines, particularly the con- 
necting lines between positions (see 724). Smooth sheets have been received in the 
Washington Office with the surface cut so badly by sharp pencils that in a short time 
the paper cracked at these places. When this occurs, deterioration of the sheet soon 
follows. 

Temporary construction marks and temporary notes should be kept at a minimum, 
and these, particularly the notes, should be made with as soft a pencil as practicable 

so that they may be erased without damage to the paper. 

7311. Rolling the Smooth Sheet 

The mounted paper used for smooth sheets is of the best possible grade and if it 
receives careful treatment during the making of the smooth sheet and subsequently, 
it should suffer comparatively little distortion. If practicable, the smooth sheet should 
be kept flat during the entire period of its construction. Rolling during this period is 
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not only harmful to the paper, but results in a curve set in the paper, which makes 
plotting and inking unnecessarily difficult. If the smooth sheet must be rolled at any 
time, it should be rolled loosely to a diameter of not less than 6 inches with the cloth- 
backed side of the paper on the outside. 

Under no circumstances should the smooth sheet be allowed to extend over the edge 
of the table during plotting. This subjects the sheet to permanent creasing or bending 

which may result in weakening the paper to such an extent that it eventually cracks or 
breaks. 

732. THE PROJECTION 

The graphic record of a hydrographic survey is a smooth sheet, which in effect is 
a map of the area surveyed. A map is a flat-surface representation, at a given scale, of 
some part of the curved surface of the earth. On a map the features of the earth’s 
surface are represented with reference to each other according to some system which 
will simulate their relation in nature. In order to accomplish this best, a projection 

is used—that is, an orderly arrangement of the terrestrial meridians and parallels on 
a plane surface. 

No matter how small a part of the earth’s surface is under consideration it is 

still curved, and theoretically cannot be represented on a plane with perfect accuracy. 
As the area increases, the distortion or the departure from nature becomes greater when 

an attempt is made to show it on a plane surface. It follows consequently that the 
meridians and parallels cannot be shown on a plane exactly as they are on the earth. 
Projections can be constructed in which some one or more desirable properties are 
mathematically exact but only at the expense of other properties. Therefore, every 
form of projection is at best a compromise. For practical purposes, however, it is found 
that as the area considered is reduced it eventually reaches a size so small that it can be 
represented at a given scale on a plane surface without any plottable error. 

The subject of projections is treated extensively in Special Publication No. 68, 
Elements of Map Projection. 

7321. The Polyconic Projection 

Various projections have been adopted by different countries and different survey- 
ing agencies within each country. on which to plot the results of their surveys. The 

Coast and Geodetic Survey has adopted for all surveys a projection, known as the Coast 
and Geodetic Survey polyconic projection. All surveys must be plotted on this projec- 
tion. 

This polyconic projection was devised by Ferdinand Hassler, the first Superintend- 
ent of the Coast and Geodetic Survey. It is extensively used for surveys of compara- 
tively small areas, such as those covered by the hydrographic and topographic surveys 

of the Bureau, because it effects a satisfactory compromise with all of the most desirable 
properties of map projections, because of its ease of construction, and because a general 
table for its use has been calculated for the entire spheroid. The projection data are 
based on Clarke’s reference spheroid of 1866 and are contained in Special Publication 

No. 5, Tables for a Polyconic Projection of Maps and Lengths of Terrestrial Arcs of 
Meridian and Parallels. This publication is familiarly known by its short title, “The 
Polyconic Projection Tables.” 

The polyconic projection is the development of an area by means of successive 
cones tangent to the surface at successive parallels. The central meridian of any 
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polyconic projection is a straight line, all other meridians and all the parallels being 
curved lines, except for the special case of the Equator which is a straight line. The 
parallels are arcs of nonconcentric circles with radii of decreasing length as the latitude 

increases, but whose centers lie in the exten- 

sion of the central meridian. The curved 
meridians are concave toward the central 
meridian in increasing amounts as the dis- 
tance from the central meridian increases. 

Practically, in the larger scales usual in 
hydrographic surveying the meridians may 

be considered straight lines within the limits 
imposed by graphic methods of construction. 
The longitude scale is everywhere correct, 
but the latitude scale is strictly correct only 
on the central meridian. 

The accuracy inherent in the polyconic 
projection is a matter of some interest. 

Some idea of the departure from true repre- 
sentation is given by the following two 
examples. On a 1:40,000 scale projection 
on a sheet 31 by 53 inches in size the scale 
distortion in the worst part does not exceed 
9 parts in 1,000,000 and the angular error 

does not exceed 1” of are. On a 1:120,000 

scale projection on a sheet 42 by 72 inches in 
size the scale distortion in the worst part does not exceed 3 parts in 20,000 and the maxi- 
mum angular error is 15”3 of arc. It is apparent, then, that the errors of azimuth and 
distance on sheets usually used in plotting hydrographic surveys are of such small 
proportions as not to be graphically measurable. 

Since the meridians of the polyconic projection are curved lines concave toward 
the central meridian two adjacent maps or surveys cannot be joined together in an east- 
west direction, because the curvatures of the marginal meridians on the two maps are in 
different directions. 

FIGURE 144.—Polyconic projection of North America. 

7322. Verification of Scales and Straightedges 

Before beginning the construction of the projection, the meter bar and meter scales 
and the straightedges should be verified unless definite information of their correctness 

is at hand. It cannot be assumed that the scales are correct since in the past several 

have been discovered with appreciable errors in the divisions. Perhaps the best test 
that can be applied in the field is by comparison with a meter bar known to be correct. 
In leu of this a comparison of the various scales and meter bars against one another 
will suffice (see 4821). 

Straightedges can also be tested by comparison with one another but a better test 

is described in 4831. 
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7323. The Projection Lines 

The projection intervals between the meridians and parallels to be shown on a 
survey sheet depend on the scale and shall be according to the following table: 

TABLE 24.—Projection line intervals for various scales 

Seale of survey Projection line interval 

it 2-O00randeangerse ss == a= Every 5 seconds. 
1; 2,001 to 1:3,000__________| Every 10 seconds. 
1:3,001 to 1:6,000__________| Every 15 seconds. 
HT GtO Olt tom] 1235 00ke a aaae Every 30 seconds. 
eps Oop 5) OOO Every minute. 
1: 25,001 to 1:60,000________| Every even minute. 
LG OO01 tot = 1250002222 —= Every fifth minute. 
a2 > 00Mtonl: 2500002 s2.= Every tenth minute. 

The projection is constructed in pencil. It must be verified and all of the control 
stations plotted by dms. and dps. (see 7411) and checked while the lines are in pencil. 
Only then are the projection lines to be inked as fine solid black lines 0.15 mm in width. 
The lines should extend entirely across the sheet. No borders are to be placed on 
smooth sheets. 

The numbers representing the latitude and longitude shall be drawn in black ink 
at the ends of each parallel and meridian. They should be 3 mm in height and should 

be made in accordance with figure 145, preferably with a mechanical & : 

lettering set. Those representing degrees shall be repeated every 87'|50 
fifth minute on scales of 1:20,000 and larger; every tenth minute on 

a scale of 1:40,000; and every thirtieth minute on smaller scales. S25 
For scales larger than 1:8,000, where the entire area falls within a 
1-degree interval, the degree number must be shown at least once 
on the sheet, preferably near the center, the other lines being identi- 

fied by the minutes and seconds only. The numbers must be fol-  PIGUR# 145.—Referencing 
lowed by the respective degree, minute, and second symbols. Degree Aid Ghack 
symbols should be 1.0 mm in diameter, and minute and second symbols 1.0 mm long, 
all centered on line with the top of the numbers. The numbers and symbols must. 
be checked. 

7324. Construction of a Polyconic Projection 

The construction of a polyconic projection is a comparatively simple problem, but 

extreme accuracy and care are necessary. The following instruments are needed: 
meter bar, beam compass, straightedge, dividers, and a quarter-meter scale (see 4821). 
All of the elements are found in Special Publication No. 5, “‘The Polyconic Projection 

Tables.’”” The area to be embraced and the orientation of the sheet and the scale are 
found in the layout of the project (see 136); the interval between projection lines to 
be drawn depends on the scale (see 7323). 

From the layout locate the intersection of the most central meridian and parallel 
which are to be shown, and the direction of the central meridian. The accuracy with 
which this needs to be done depends on how near the edge of the sheet the work will 
extend. If extreme accuracy is required it is generally necessary to lay off carefully 
the limits of the sheet on a published chart of the area, thereby locating the central 
intersection and orientation. In some cases even preliminary mathematical computa- 
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tions are necessary to ensure the inclusion of the required control points as, for example, 
where they fall dangerously close to opposite edges of the sheet. 

Although the projection can be made by continued reference to the projection 
tables, it is most desirable to make a rough sketch of the projection on a sheet of paper 
(see 322), noting on it all of the distances to be plotted with the meter bar and beam 
compass. Depending on the scale of the projection being made and the scale of the 
meter bar being used, these distances will of course be reduced for use directly on the 

meter bar. For instance, if the projection is to be 1:40,000 and the scale of the meter 
bar is 1:20,000 all distances taken from the tables must be halved. All data from the 
tables must be taken out for the latitude in which they are to be used. 

Referring to figure 146, the distances mm, mm2, mm3, and mms, are taken from the table headed 
““Meridional ares,’’ under “‘Continuous sums of minutes.’’? The distances mx, mx, mx2, mx3, max, and 

mas, for each parallel are taken from the table headed ‘‘Arcs of the parallel in meters’’ for scales of 

Gentral Meridian 

FIGURE 146.—Construction of a polyconic projection 

1:40,000 or larger. For scales smaller than 1:40,000 they must be taken from the values of “X” 

under the table headed ‘‘Coordinates of curvature,’”’ interpolating for latitudes and longitudes inter- 

mediate between those given in the tables. 

The construction is carried out by drawing the central meridian and the straight construction 

line ab perpendicular to it. The distances mm, mmz, etc., are laid off along the central meridian using 

the beam compass and meter bar. The straight construction lines cd, ef, gh, and 7j are drawn parallel 



Pace 671 THE SMOOTH SHEET 7325 

to ab through the points mz, m4, m, and m3, respectively, and the distances mx, ma1,,mx2, mx3, mX4, 

and mz; are laid off along these construction lines from the central meridian. It is especially impor- 

tant that these distances be laid off from the central parallel and the central meridian. The succes- 

sive points mj, me, ete., and x, 2, x2, etc., must never be laid off from one another. 

The projection tables are now entered and ‘“‘Y”’ values under the table headed ‘‘Coordinates of 

curvature” are found corresponding to the respective x-points. These values are laid off parallel 

to the central meridian, north of the construction lines if the projection is north of the Equator. These 
are usually short distances and difficult to plot. Best results can be attained by plotting an arbitrary 

distance, such as 100 or 200 meters on a 1:20,000 scale, south of the z-points and then plotting the 

arbitrary distance plus the “‘Y” values north from the arbitrary points. 

“Y”’ values for latitudes intermediate between those given in the tables can be obtained by linear 

interpolation, but for longitudes intermediate between the tabular values, the following relationship 

should be used: 

The ratio of any two successive ordinates of curvature expressed in meters, equals the ratio of the squares of the corresponding 

abscissas expressed in minutes or degrees. 

This approximation is close enough under most conditions. 

Each of the points plotted north of its respective z-point represents the intersection of a meridian 

and a parallel. Curved lines drawn through these poimts represent the meridians and parallels. 

Because it is difficult, in practice, to draw a curve of very large radius, the intersection points must 

be frequent enough so that the curved meridians and parallels can be drawn as a series of chords which 

will approximate the true curves. The projection must be left in pencil until verified and the control 

has been plotted. Finally the projection should be checked by measuring the intercepted distances 

between the adjacent meridians and parallels. 

On projections of scales 1:10,000 or larger, it is generally sufficient to apply the Y-coordinates at 

the extreme meridians only, joihing these points and the corresponding points on the central meridian 

with straight lines. The parallels so drawn are then subdivided equally for determining the inter- 

mediate meridians. 

The construction of a polyconic projection is fully explained in Special Publication 

No. 5, ‘The Polyconic Projection Tables,” and on pages 60-62 of Special Publication 

No. 68, Elements of Map Projection. The latter publication also gives the formula 
from which the errors of scale and area of any polyconic projection may be determined. 

7325. Continuous Construction 

The construction of a projection must be continuous, that is, it must not be begun 
and then laid aside to be resumed at a later date. It should be completed and checked 

on the same day, if possible. Construction on days of excessive humidity or excessive 
dryness should be avoided. When possible the projection should be made at a time of 

day and during a period of weather when the atmospheric conditions are stable and 
nearly average for the conditions under which the smooth sheet is to be used. It is 
important during construction that the projection be not exposed to the direct rays of 
the sun. 

7326. Verification of the Projection 

All details of the construction of the projection must be checked. This must be 
done while the projection is still in pencil, and must consist of a verification of the values 
taken from the polyconic projection tables and a complete check by measurement of the 
construction of the projection. Finally, corresponding diagonal distances should be 
compared with one another. It is to be noted that the polyconic projection is symmet- 
rical with respect to the central meridian. Therefore, the diagonal distance between 

any two intersections on one side of the central meridian is equal to the diagonal dis- 

tance between two corresponding intersections on the opposite side of the central me- 

ridian. A good construction check is a comparison of the long diagonal distance from 
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the northeast to the southwest corner through the construction center with the cor- 
responding distance from the northwest to the southeast corner. 

The verification must be made the same day that the projection is constructed and, 
if practicable, immediately following the construction. 

7327. Ruling Machine Projections 

Hand-ruled projections, carefully constructed, are usually of as great accuracy as is 
warranted when drawn on cloth-mounted paper. The Coast and Geodetic Survey 
has a projection ruling machine designed especially for ruling precise projections on 
mediums subject to little or no dimensional change, such as aluminum-mounted paper, 

aluminum plates, copper, and glass 

negatives. If practicable, all pro- 
jections on such mediums should be 
made on the machine. It is not 
necessary to describe the details of 
the machine, except to say that pro- 

jections of any type can be ruled on | 
it, limited in size to 38% by 56% 

inches and limited approximately by 
the curvature required in a 1:500,000 
scale conic projection. 

Chiefs of Party who wish machine- 
ruled projections should forward 
their requests sufficiently in advance 
to reach the Washington Office at 
least 3 weeks prior to the date they 
wish them shipped to the party. 
Such requests must always be accom- 

panied by rough layout sketches 
showing the sheet limits by latitude 
and longitude, the scale, and the 

orientation of the projection if it is 
LL not parallel with the sheet edges. 

eeaeagsess i) 
, 
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The polyconic projection will be as- 
sumed unless otherwise specified. 

——_— Preferred maximum limits of sheet The size of a projection that can be 

drawn on the ruling machine is lim- 

ited by a rectangle 38% by 56% inches , 
whose sides are parallel to the pro- 
jection lines. The sheet itself, how- 

ever, can extend somewhat beyond these limits, but ordinarily should not exceed 42 by 
60 inches (see fig. 147). In special cases a sheet 46 by 65 inches can be used. When 
projections larger than 38% by 56% inches are required, the lines must be extended by 
hand from the part ruled on the machine, which cannot be centered. 

Where a skewed projection is to be ruled, the size of paper is also limited by the 

above dimensions, i. e., measured parallel to the projection lines, diagonally opposite 
corners of the sheet cannot be separated more than 46 inches in one direction nor 65 

inches in the other direction (see fig. 147). 

—— —~—— Extreme limits of sheet 

Sees Skewed projection (note limitation of size and ruled area) 

FIGURE 147.—Sheet limits for ruling-machine projections. 
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7328. Plane Coordinates 

Plane coordinates are not used by the Coast and Geodetic Survey for plotting the 
results of hydrographic surveys, although they are used for this purpose in many foreign 
countries and are used in this country by various agencies for plotting all types of 
surveys. 

There are various types of plane and rectangular coordinates. Three principal 
types are now in use in the United States: 

(a) A rectangular system in which the plane of projection is a tangent plane, and the curvature of 

the earth is neglected; that is, the distances and angles measured in the survey are considered to have 

been measured on a plane surface. 

(b) A system of rectangular coordinates in which the plane of projection is a tangent plane, but 
correction or adjustment is made for the curvature of the earth. 

(c) The official systems of State coordinates on the Lambert conformal and the transverse 
Mercator projections devised and computed by the Coast and Geodetic Survey in 1933 and 1934. 

In each of the above systems the coordinates are referred to two reference axes at 
right angles to one another, one of which almost invariably coincides with the true 
meridian. By convention the X-coordinate of a position is its distance east or west of 
one reference axis, positive where east and negative where west, and the Y-coordinate 

js its distance north or south of the other axis, positive where north and negative where 
south. 

In coordinate systems of type (a) it is usual to select some point on the earth’s 

surface as a point of origin. This may be a well-known landmark, the geographic 
position of which may or may not be known, but it is usually a geodetic station the 

latitude and longitude of which have been determined by the geodetic control surveys 

of the country. In such a system the area covered must be small and the part included 
is considered to be a true plane, and the results of the survey are plotted on the system 

without correction or adjustment for the curvature of the earth. 
To coordinate such a survey with the nautical charts or the surveys of this Bureau, 

it is necessary that the latitude and longitude of the point of origin and the azimuth 

of one of the reference lines be known; or these data may be derived from the known 

latitudes and longitudes of other points and azimuths in the system, whether or not 
one of them is taken as the point of origin. For coordination it is preferable that the 
latitude and longitude of several widely separated points on the survey be known so 
that not only can the survey be coordinated, but its scale may be determined inde- 
pendently. (See 2361.) 

For systems of rectangular coordinates of type (6) the points on the earth’s surface 

are corrected for curvature so that the plane coordinates resulting therefrom have an 
accuracy of 1 part in 50,000 at a distance of 25 miles from the origin of the system. 
In this method of computation the plane coordinates are derived directly from the dif- 
ferences in latitude and longitude between some chosen origin and the given station. 

These differences are transformed directly into X- and Y-coordinates by the use of 
tables given in Special Publication No. 71, Relation Between Plane Rectangular Coor- 

dinates and Geographic Positions. This system approximates an equidistant azimuthal 
projection on a tangent plane and it is sufficiently accurate to cover a considerably 
larger area than can be covered in type (a). Inno case, however, should it extend more 

than 20 or 25 miles from the origin. 
The official State coordinate systems of type (c) were devised and computed by the 

Coast and Geodetic Survey in 1933 and 1934. One system with one point of origin 
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is used for each State, where practicable, although in the larger States two or more 
systems were necessary. ‘These have been computed on two different types of projection: 
the Lambert conformal conic for those States of an east-west extent proportionately 
great as compared to their north-south extent; and the transverse Mercator projection 
for those States with a proportionately great north-south extent. The coordinates on 
the State systems have been computed for all geographic positions adjusted since 1935 
and these are published in the official publications of the triangulation of the country. 

Details of these systems, the methods of making the computations and the methods 

of plotting various types of surveys thereon, are given in several publications. They 
are’given in brief in Serial No. 624, Computation of Traverse by Plane Coordinates, 
and in fuller detail in Special Publication No. 193, Manual of Plane Coordinate Com- 
putation; Special Publication No. 194, Manual of Traverse Computation on the 
Lambert Grid; and Special Publication No. 195, Manual of Traverse Computation 
on the Transverse Mercator Grid. 

For the coordination of surveys on the systems in type (c) with hydrographic 
surveys of this Bureau, no information is needed except the knowledge that the survey 
is on one of the official State systems and which system. 

733. HyproGrRAPHic SHEETS From AtrR PHOTOGRAPHIC SURVEYS 

Where the shoreline and hydrographic control originate with air photographic 
surveys (see 239) the information for the boat and smooth sheets will be furnished by 
the Washington Office in the form of reversed tracing-paper prints, ozalid prints, 

printed sheets, or map projector transfers. The form used will depend upon the con- 
ditions peculiar to the project and will be stated in the project instructions. 

The short descriptions of stations, for the information of the hydrographer, will 

be furnished on ozalid prints to be used by the hydrographic party when recovering 
the stations and building the signals (see 2392). 

7331. Reversed Tracing Paper Prints 

Ordinarily the air photographic survey drawings are forwarded to the Washington 
Office as soon as the location of the shoreline and the hydrographic control is completed. 
These are reproduced in the Office to the same scale as the hydrographic surveys and 

reversed copies are printed in black on tracing paper and furnished the hydrographic 
parties. The ink used is slow drying and usually the print used in preparing a boat 
sheet can also be used for preparing the smooth sheet some months later. 

The transfer of the shoreline and control is effected by superimposing the tracing 
(inked side down) on the boat sheet or smooth sheet, so that corresponding projection 
intersections are in coincidence, and burnishing down the details. Adjustments for 
differences in the projections can be miade by small shiftings of the tracing (see 7413). 

If the ink has dried before the smooth sheets are prepared, additional tracing-paper 
prints will be furnished on request. 

7332. Ozalid Prints 

In some cases where the air photographic surveys are made at exactly the same 
scale as the hydrographic survey and when sufficient time is not available to prepare 
reversed tracing-paper prints, ozalid prints will be furnished the hydrographic party 
for transfer of the shoreline and control. 
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Ozalid prints are photographic contact prints prepared in much the same manner 
as blueprints. The developed print shows a colored line on a white background. 
These prints are developed by a dry process and have a low percentage distortion. They 

are satisfactory copies from which to transfer shoreline and control points, but it is 
necessary that the hydrographic party make a pencil tracing for such transfer (see 7413 
and 7561). 

7333. Printed Hydrographic Sheets 

Where the hydrographic sheet layout can be made to conform approximately to the 
- air photographic sheet layout, and where there are numerous stations and intricate 
shoreline details, printed smooth sheets and boat sheets are practicable and economic, 
and will be furnished to hydrographic parties. The copies are printed at the scale of 

the hydrographic surveys and on the same cloth-backed paper ordinarily used for boat 
sheets and smooth sheets. All details are reproduced in black, including triangulation 
and topographic station symbols, in addition to the projection and topography. 

The positions of the stations need not be checked by the field party. The symbols 
for the topographic stations shall be left in black on the smooth sheets, but may be 
encircled with additional 3 mm red circles on the boat sheets, if this is found desirable. 
The triangulation symbols shall be left in black. Topographic station names shall be 
assigned by the hydrographic party, and shall be shown in red on both the boat and 
smooth sheets. (See also 744.) 

7334. Map Projector Transfers 

In some cases, although the boat sheets and smooth sheets are prepared in the 

Washington Office, photolithographic reproductions are not made because of insufficient 
time, or because the air photographic surveys are on an odd scale and a printing plate 

is not yet available, or when their limits differ greatly from the hydrographic survey. 
In such cases the projections are made on the projection ruling machine, and the shore- 
line and control points are transferred (and checked) from the air photographic surveys 
by means of the map projector (see 4854). The transfer is usually made in pencil and 
shall be inked by the field party. A data record showing how the projection was made, 
and how and by whom the shoreline and stations were transferred and checked is for- 

warded to the field party with each smooth sheet. This record shall be included in the 
Descriptive Report for the sheet (see 842/). 

734. Proyections ror R.A.R. SHEETS 

The best grade of well-seasoned paper shall be used for an R.A.R. smooth sheet. 
The projection is constructed just as any other projection is, but immediately after its 
completion and verification and the plotting and verification of the R.A.R. stations, 

and before any inking is done, the distance circles must be drawn (see 7341), in order to 
avoid complications due to distortion of the paper. Obviously, such projections should 
not be requested from the Washington Office. 

7341. R.A.R. Distance Circles 

In contrast to other methods of hydrographic control, positions determined by 
Radio Acoustic Ranging (described in chapter 6) are based on distances from the R.A.R. 
stations and these are sometimes quite long. To facilitate plotting these distances and 
to take into account any distortion which occurs in the smooth sheet after the projec- 
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tion is made, segments of concentric circles are drawn on the sheet from each R.A.R. 
station as a center, covering the area in which bomb returns were received from the 

respective stations. These circles are termed distance circles to distinguish them from 
the short distance arcs, which are drawn only in the immediate vicinity of each R.A.R. 
position (see 763). 

All distance circles are plotted in units of time intervals from a given station based 
on an assumed velocity of sound of 1,460 meters per second. The spacing of the circles 
on the sheet should be according to table 25. 

TABLE 25.—Distance circle intervals for various scales 

| Scale of survey Distance circle interval 

1: 40,000 sz MOEN S AdER 2 SeeeNh ETSY. 297 Every 3 seconds. 
M5 OLOO0Rton iE S0:000 sore aaa Every 5 seconds. 
if LOOKGOO stoma 60.0002 essa ees Every 10 seconds. 
LEP DOOLOO OE BE LU LAN LIA E ATS Every 15 seconds. 

The unit of measurement second is used here to mean a second (time) of sound travel 

through sea water. Thus, a circle representing 5 seconds of sound travel would be 

plotted a distanceof 1,460 x 5=7,300 meters from the station at the scale of the survey. 
Preparatory to placing the circles on the sheet, and preferably even before the 

projection is begun, the boat sheet should be studied to determine the area in which 
bomb returns were received from each R.A.R. station. This will be the area through 
which the distance circles should be drawn. It is important that this instruction be 

carefully followed in order to avoid unnecessary confusion where many stations are used 
ona sheet. A table should also be prepared in advance giving the lengths in meters of 
the various radii, computed at the plotting velocity of 1,460 meters per second and con- 
verted to the scale of the meter bar being used. This table is then used for setting the 
distances on a beam compass. 

To plot the circles the successive radii lengths are pricked lightly on the smooth 
sheet. This should be done at two or more radial directions from the R.A.R. stations, 

so that each distance circle when drawn may be checked as it passes through the pricked 
points. To avoid a repetition of measurements, each distance, as set on the beam 

compass, should be plotted from every R.A.R. station where it will be needed. 

After the plotting of the radii has been checked, the distance circles are drawn in 
blue ink through the pricked points, using a fine light line. The distances in seconds 

may be placed on the circles in pencil for temporary convenience. 

It is essential that the smooth sheet be kept absolutely flat while the radii are being 

plotted and the circles are being drawn. This can be accomplished, in the first case, 

by laying a straightedge on the sheet from the station to the pricked points, and in the 
second case, by having an assistant slide a straightedge along the sheet paralleling the 
beam compass, immediately in advance of or behind it. A clean stainless steel straight- 
edge, or one whose underside is covered with a clean piece of paper, must be used in 
order to prevent soiling the smooth sheet. 
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The continued use of the beam compass at the R.A.R. stations tends to enlarge the 

station holes. To avoid this a small circular piece of thin celluloid is temporarily placed 
over each station with Scotch tape, so that the compass point rests on the celluloid 

instead of on the paper. Where this is done the pricked point in the celluloid must be 

precisely over the plotted position on the smooth sheet. Pencil lines should be drawn 
at right angles through the plotted position on the smooth sheet, by which the celluloid, 
on which similar lines at right angles have been drawn or finely etched, may be correctly 
superposed. If only a few distance circles are to be drawn from any one station the 
celluloid may be dispensed with, if caution is taken to avoid an excessive downward 
pressure on the beam compass. 

Two R.A.R. control stations are frequently used at locations very close to one 
another. Confusion would result if concentric distance circles were drawn from both 
of these as origins. Instead, the distance circles are drawn from that station from which 
the larger percentage of R.A.R. distances was obtained during the survey. The method 
of plotting in such cases is explained in 7631. 

There will be occasional cases where an R.A.R. station used for control is beyond 
the limits of the sheet. If such a station is within reach of a beam compass, it may 

be plotted by using a computed distance and direction from a latitude and longitude 
intersection on the projection. A specially long beam compass may be required for 
drawing the distance circles (see 3741c1). 

Distance circles involving radii too long to be drawn with a beam compass may 
be constructed by computing the rectangular coordinates of points on the circles and 

drawing the circles by using standard curves. The formulas for computation are the 
same as for constructing “‘circle’’ sheets by the computation method except that the 
origin of coordinates is taken as the intersection of two distance circles on the sheet, 
the Y-axis being the azimuth from the intersection to an R.A.R. station and the X-axis 

being normal thereto at the same point. (See 3741¢2.) 

After the distance circles have been drawn on the smooth sheet and the other con- 
trol stations plotted and checked, the projection lines are inked (see 7323). Control 
station names in the water area must be left in pencil for subsequent inking (see 7443). 

735. Prorrinc LARGE-SCALE OFFSHORE. SURVEYS 

Large-scale offshore surveys using three-point fix control cannot usually be made 

or plotted with the degree of accuracy required, if conventional methods of plotting 

are used—that is, with a three-arm protractor. Instead, the ‘circle’ sheet method is 

used in which the observed angles are plotted by means of their loci, systems of which 
have been drawn in advance on the boat sheet or smooth sheet. A full discussion of 
this method of surveying and of the method to be used in preparing such sheets is given 
in section 37. The smooth plotter should familiarize himself thoroughly with the 

method before beginning work on such a smooth sheet. 
After the arcs have been plotted and verified, they should be inked in blue using 

a fine light line similar to that used for R.A.R. distance circles (see 7341). The arcs 

should be identified by inking the degrees and minutes in the same color near the ends 
of the ares. It is unnecessary and undesirable to ink all the ares used in protracting 
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the positions. The purpose of inking is to give permanence to selected arcs, so as to 

facilitate future identification of the positions. The smooth-sheet plotter should bear 
this in mind when selecting the ares to be inked. In general, a spacing of about 3 inches 

between inked ares will be satisfactory. Only those portions of the arcs in the sounded 
area should be inked. 

736. CHANGING DatTuUM OF SURVEY SHEET 

To correlate the results of two surveys, it is first necessary to bring the two to the 
same geographic datum (see 2171). This makes it possible to compare corresponding 
areas by means of the projection lines on the sheets. 

Practically all of the recent surveys of the Bureau in continental United States are 
based on the North American datum of 1927, but many prior surveys are still on 
the North American datum or some independent datum. To change the datum of a 

survey sheet the usual practice is to apply corrections to the projection on the sheet. 
When copies of old surveys are furnished to field parties, the latest datum is usually 
shown on the sheet. The procedure given below describes how this may be accom- 
plished under various conditions. Where the datum on a survey sheet has to be cor- 
rected in the field, the data available will generally determine the method to be used. 

There are two methods of applying a datum correction to a survey sheet, a numeri- 

cal one (7362) and a graphic one (7363). 

7361. Distortion Factor 

Before datum corrections can be applied, the distortion factor of the sheet must 

be determined in both a north-south and an east-west direction. This is done by 
comparing the scaled distances between projection lines on the sheet with the corre- 
sponding values given in Special Publication No. 5, ‘‘Polyconic Projection Tables” 
(see 7324). The distortion factor is determined from the relation: 

Tabular value—Scaled value 
Tabular value —-+ Distortion factor 

Several distances in each direction should be measured in order to obtain a mean factor 
and to ensure against errors in the original projection. The distortion factor should 

be applied to every distance that is to be plotted on the sheet. To reduce measure- 
ments on the distorted sheet to true values the following relation should be used: 

Tabular value—Scaled value 
— 

1 f t 

Sealed value + Correction factor 

7362. Numerical Method 

In the numerical method three widely distributed triangulation stations on the 

sheet are selected, whose geographic positions on the N.A. 1927 datum are available. 
Identify these stations on the datum of the projection in the old registers in the Surveys 
Branch of the Chart Division, or in any of the publications of the Bureau, and check 

their geographic positions with the positions plotted on the sheet. The mean of the 

differences between the values on the two datums is the correction to be applied to the 
projection on the sheet. The differences for the three stations should nearly equal each 
other. If a wide variance is found, an investigation should be made for possible errors 

in the computations or for failure to identify common stations on the two datums. 



Pace 679 THE SMOOTH SHEET 7363 

Great care must be taken to see that the correction is applied in the proper direc- 
tion. The following rule will be found helpful in determining the direction: 

If the latitude (N.) and longitude (W.) on the old datum are greater.than the corresponding 

values on the new datum, then the new projection will be to the north and west, respectively, of the 

old projection. If the old values are smaller than the new ones, it will be to the south and east. 

From this the direction of the correction for 
other relationships can be readily determined. To = 
avoid errors of application in plotting, a sketch 
should be made, showing the relationship of the 
two datums to one of the selected triangulation 
stations, with the corresponding latitudes and ] 
longitudes indicated. reoNT ote 

The new datum should be marked by short 
intersections at not less than two projection inter- 

124°10' 

N. A. 1927 Datum 4447-25 
sections on the sheet and should be shown in c/9/al BE ad 

colored ink, preferably red. At one of the inter- salen TEA Po 
. . ll’ 124°10' 

sections the name of the datum, the latitude and 
: o OyD R FIGURE 148.—Change of datum of survey sheet—by 

longitude, the initials of the cartographer making Sie ere i 

the correction and of the verifier, and the date 

the correction was made, should be noted in colored ink. (See fig. 148.) 

Example: In figure 148, the latitudes and longitudes of A FRONT, 1918 on the old and new 

datums are as follows: 

North Latitude West Longitude 

47° 25’ 450 meters (old datum) 124° 10’ 900 meters (old datum) 

47° 25’ 300 meters (N.A. 1927 datum) 124° 10’ 750 meters (N.A. 1927 datum) 

150 meters difference 150 meters difference 

Applying the above rule, the new projection (N.A. 1927 datum) is found to be to the north and west 

of the old projection. Therefore, the intersection of latitude 47° 25’ N. and longitude 124° 10’ W. 

on the new datum is obtained by laying off the distances 150 meters (corrected for distortion) in a 

north and in a west direction from the old datum. 

Reference station, on the sheet—TIf the latitude and longitude of one of the plotted 
stations is recorded on the sheet (see 746), the correction may be obtained by subtract- 
ing from them the corresponding values on the N.A. 1927 datum. For field application, 
where photographic copies of old surveys are used, the single correction thus obtained 
is sufficiently accurate for use on the entire sheet, but in the Office where the original 
sheet is available, additional stations should be used and a mean correction obtained 

in accordance with the procedure outlined above. 

The numerical value shown on the sheet should always be checked against the 
plotted position of the station before using it for determining a datum correction. 

7363. Graphic Method 

This method of correcting the datum on a survey sheet is applicable under three 
conditions: (1) as an alternative to the numerical method, (2) where geographic 

positions of the stations on the datum of the sheet can be found neither in the old 

registers (see 7362) nor in any of the publications of the Bureau, and (3) where the 

old registers are not available, as is usually the case in the field. 
Select three well-distributed stations on the sheet, the geographic positions of 

which are available on the N.A. 1927 datum. Determine the dm. and dp. of each 
station (see 7411) from the projection lines nearest to it (this will mean using the 
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back dms. and dps. in some cases), and with these values as radu from the plotted 

position of the station as a center, swing short pencil ares in the proper directions. 
Draw pencil lines tangent to these ares and 

7 $1 parallel to the latitude and longitude lines on 
| the sheet. The intersection of these lines 

will give the position of the new datum. 
Carefully scale the offsets A® and Ad from 
the old datum on the sheet. (Fig. 149 illust- 

Lise tut dp 2 FRONT. 1918 rates the application of this method to the 

N a i ake example given in 7362.) 
Ce rey Follow the same procedure with the 
a lane cea other selected stations and compare the offset 

| ey a par values obtained in each case. If they do not 
: differ by a plottable amount, accept the 

FIGURE 149.—Change of datum of survey sheet—by i é ‘ 

graphic method. intersections as determined, otherwise use 

a mean of the values. Any appreciable 
differences should be investigated. The method of designating the new datum on 
the sheet is the same as for the numerical method. 

7364. Lost or Unrecoverable Stations 

Stations are sometimes lost or have become unrecoverable and cannot therefore 

be included in the triangulation to connect them with the new datum. Where a survey 
sheet contains such stations only, then the relationship between the old and new datums 
must be obtained from stations on adjoining sheets for which the new datum values 

are available. A mean of the corrections derived from the adjoining sheets should be 
used. 

The present plan of the Bureau is to include, in the published triangulation data 
for the coastal states, a list of lost stations with their geographic positions (unadjusted) 
on the North American datum of 1927. While such values are not to be used for ex- 
tending triangulation, they are adequate for coordinating old and new surveys. These 

volumes should be consulted before applying datum corrections to a sheet. 

737. PROJECTION CONSTRUCTED AFTER SURVEY 

It becomes necessary occasionally to execute a survey and complete the smooth 
plotting prior to the determination of the geographic positions of the control points, as 
where the local triangulation has not been connected to the main net of triangulation 
or where astronomic observations have not been made. In such cases the control 

points are plotted on the boat sheet and the smooth sheet either by angles or distances. 
Many of the early surveys of the Bureau were made in thismanner. (See 392 and 393.) 

In constructing a projection on a survey sheet that has no projection, the distortion 

of the sheet is one of the important elements to consider and upon the accuracy of its 
determination will depend the accuracy of the projection. Paper does not always 
distort uniformly and the shrinkage or expansion should be determined in both a north- 
south and an east-west direction and a factor applied to all measurements to be laid 

down on the sheet (see 7114). It should be remembered, however, that the smaller the 

distance to be plotted the less will be the error of distortion so that in laying down 
projection lines from plotted triangulation stations, corrections may be avoided by 

selecting stations close to the lines to be constructed. 
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Whenever a smooth sheet is prepared in advance of the position computations, two 
distances not less than one-half meter in length should be plotted on the sheet at right 
angles to each other, along the bottom and along the right-hand edge. The ends of these 
distances should be marked with small inked circles and the distances at the scale of the 
survey indicated. This will permit checking the distortion at any time and simplify 
the future application of a projection. 

There are two methods of reconstructing a pro- sats _ 4B 

jection on a survey sheet. One is a rigid method 
applicable to small-scale surveys and the other is a F 

eraphic method applicable to large-scale surveys. i 

In both methods the essential problem is the deter- se 
mination of the cardinal lines of the projection, 
namely, the central meridian and the central con- 20 \g central Parallel __f/ (Eaggetee 

> 
Pe 

Meridian 

eS Central Construction /£' Line 
/ struction line. Y 

7371. On Small-Scale Surveys 
Central 

For surveys on scales smaller than 1:10,000 the : 
following method is used: 

(1) Select three triangulation stations, A, B, and C (fig. e / 

150) so situated with respect to the central meridian that the vie 

distance de will cover more than half the latitude extent of =, 

the sheet. Two of the stations should be selected, if possible, *'6°** POR ee aie San a ak 
in about the same latitude (see (6) below). From the scaled See tama} orb Piakor: 
lengths of BA and CA and the corresponding computed 

lengths (make inverse computations for these if they are not in the triangulation data), determine 

the distortion factor along each line (see 7361). 

(2) Select the central meridian (as near to the middle of the sheet as possible) and compute the 

distances Bd and Ce and the latitudes of the points d and e. 

This is accomplished on Form 27, Position Computation, Third-Order Triangulation. Since both the distance and latitude are 

involved in the position computation formulas, a trial-and-error method is used. A value is assumed for the required latitude (¢’) 

and from the known longitudes (A) and (A’) of station C and the central meridian, respectively, and the known azimuth (a) of the 

line Ce (obtained either directly from the triangulation data or from the inverse computation), the distance (s) is computed from the 

longitude formula. This distance is then used in the latitude formula and the latitude increment or decrement (A¢) is obtained. 

This computed A¢ may not agree with that derived from the assumed latitude (¢’), but by repeated assumptions a value for A¢ will 

be obtained that is in absolute agreement with the assumed latitude. 

To obtain a close first approximation, a sketch should be drawn at about one-fifth the scale of the sheet, using a rectangular grid 

and using as units of measurement the values of a minute of latitude and longitude at the center of the sheet. From this sketch the 

latitude where a given line crosses the central meridian can be scaled and this value used as the first assumed value in the compu- 

tation. 

(3) Plot points d and e along lines BA and CA correcting each computed distance for the distor- 

tion determined along the respective lines. Through d and e draw a straight line for the full length of 

the sheet. This is the central meridian of the projection. 

(4) Seale the distance de on the sheet and from the computed latitudes obtain from the polyconic 

projection tables the true distance. From these two values the distortion in a north-south direction is 

determined. 
(5) On the central meridian lay off the tabular distance (corrected for distortion) from point 

d or e to the central parallel and at this point construct a perpendicular to the central meridian extend- 

ing the full east-west length of the sheet. This is thescentral construction line. 

(6) From here the problem is the ordinary one of constructing a polyconic projection as given in 

7324. The distortion factor to be applied to east-west measurements may sometimes be obtained 

from the disposition of the selected triangulation stations (see (1) above). 

The projection should be checked against every triangulation station on the sheet. Small 

differences in latitude or longitude may be due to unequal distortion of the sheet. In such case the 

projection should be made consistent with the triangulation even though this results in a slightly 

skewed projection. 
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Determining east-west distortion—If the east-west distortion of the sheet is not 
available from the disposition of the triangulation stations on the sheet, it can be 
determined in the following manner: 

(1) Compute the longitude crossings of the lines CB and CA (fig. 150) on the central parallel or 

any other parallel that will give a distance long enough to determine a good distortion factor. 

This is accomplished on Form 27 in a manner similar to that described in (2) above for determining the latitude intersection. With 

the azimuth of the line CB as previously determined and the known latitude increment or decrement (A@), a value for (s) is found 

by trial and error that will make the sum of the latitude terms in the computation formula equal to (A¢). From this value of (s) 

the required longitude (X’) is computed. 

A close first approximation for the distance (s) can be obtained by making A¢@ equal to the Ist term in the latitude formula (neg- 

lecting the 2nd term) and with the (s) value thus found, the 2nd term is computed. A new value for the 1st term is then found that 

will make the sum of the two terms equal to A¢. The resulting value of (s) is then used in the longitude formula to obtain (’). 

Because of the distances usually involved, it will seldom be necessary to carry the computation beyond the 2nd term in the lati- 

tude formula. 

(2) Plot the computed distances Cf and Cg (corrected for distortion) along lines CB and CA 

and at points f and g draw short lines parallel to the central meridian. Lay off to the south (in north 

latitude) on these lines the Y-coordinates from the polyconic projection tables for the appropriate 

longitude distance and obtain points f’ and g’. The scaled distance between these points compared 

with the tabular distance as determined from their X-co- 

ordinates will give the distortion factor in an east-west 

direction (see 7361). 

If a linear interpolation of the X-coordinate values given in the table is not 

close enough for any latitude ¢ and difference of longitude AA, then the interpo- 

lation should be made by second differences or the values computed from the 

formula: 

89°19" 

/ 
/ 

AA 

6,378,206 

(T= 0.00676866 sin? g)17 CF # Sim AXsin &) X (in meters) = 

Meridian The error due to neglecting second differences is no greater than one-eighth their 

value. 
Ac 

Wherever possible, advantage should be taken of the 
Ze Central Construction Line 29°10’ 

<< location of some of the triangulation stations to reduce the 

amount of computation for determining the east-west dis- 

AD tortion. For example, in figure 150, the parallel through 
station A can be used instead of the parallel through g, there- 

by making it ununeessary to compute the longitude of A. Central 

7372. On Large-Scale Surveys 

For small areas such as those covered by the 
y} large-scale topographic and hydrographic surveys of 

FIGURE 151.—Construction of a polyconic projee- the Bureau, the polyconic projection is practically 
oan Se eTer ts survey sheet—for large- identical with the rectangular projection or a modifi- 

. cation thereof (projection with converging merid- 
ians); therefore in reconstructing a projection on surveys of scale 1: 10,000 or 
larger, the following graphic method can be substituted for the more rigid method 

described above. 

BA 

(1) After the distortion of the sheet has been determined, from comparisons between scaled and 

computed distances, select two triangulation stations, A and B (fig. 151), near the north and south 

extremities of the sheet and as close to the center of the sheet as possible. From the “Ares of the 

parallel” in the polyconic projection tables, obtain the distance from each station to the central 

meridian and with these distances (corrected for distortion, see 7361) as radii and the stations as 

centers swing arcs. Draw a line tangent to these ares for the entire length of the sheet. This line 

is the central meridian of the projection. 
(2) Select two other triangulation stations C and D near the east and west extremities of the 

sheet and as close to the central parallel as possible. From the ‘“‘Meridional arcs” in the polyconic 
projection tables obtain the distance in meters from each station to the central parallel. To these 

distances add or subtract the Y-coordinates from the tables corresponding to the difference in longi- 
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tude between the central meridian and each station. (For north latitude, add if the station is above 

the central parallel and subtract if below. For south latitude the reverse is true.) 

(3) With the distances thus obtained (corrected for distortion) as radii, swing ares from stations 

~ Cand D in a direction toward the central parallel. Draw a line tangent to these ares for the entire 

width of the sheet. This line will be perpendicular to the central meridian and will be the central 

construction line of the projection. 

(4) The remainder of the projection is constructed according to the method given in Special 

Publications No. 5 and 68 for large-scale projections. 

7373. Modified Methods 

The above two methods illustrate the general principles involved in the problem 
of constructing a projection on a smooth sheet subsequent to its completion. It may 
sometimes be necessary to modify the methods described because of special conditions 
encountered. For example, where all the triangulation stations are on one side of the 
central meridian, the rigid method is not applicable in its entirety and a combination 

of the two methods must be used. In such cases the central meridian is determined 
graphically and the intersection of the central parallel with a line between two of the 
triangulation stations is computed. The Y-coordinate of the intersection is plotted 
and a perpendicular erected to the central meridian, the intersection of the two being 
the center of the projection. 

Even in a small-scale survey, if the longitude extent is small enough, the curva- 
ture of the parallels may be neglected and the graphic method will give the required 
accuracy. 

There are also cases where the survey is a planetable traverse (392) or a running 
ship survey (3941) in which the azimuths and distances at one end are comparatively 
accurate but which decrease progressively in accuracy toward the other end. Where 
such a survey is plotted without a projection and selected stations are subsequently 
located by triangulation and an attempt is made to place a projection on the sheet 
adjusted to the triangulation stations, a single harmonious projection could not be 
constructed. If the work is not to be replotted, then the only way to bring the entire 
survey into harmony geographically is to place a discontinuous projection on it, each 
portion being based on the triangulation in its vicinity. 

In adapting any of the methods to a particular problem in hand, the two considera- 
tions to be kept in mind are the theory of the polyconic projection and the means 
available for determining the distortion of the sheet. 

74. PLOTTING THE CONTROL 

After the projection has been made and checked, the next step in the preparation 
of a smooth sheet is the plotting of the control (see section 21). There are two general 
classifications of control insofar as a hydrographic survey is concerned. First, the 
fixed control, also commonly known as shore control (see sections 22, 23, and 24); and 

second, the floating control (see section 25). Before plotting is begun, a selection 
should be made from the control falling within the limits of the smooth sheet and 
only those stations plotted that were actually used to control the hydrography. The 

boat sheet may be used as a guide (see 3245). . 
The control stations must be plotted with the utmost care and accuracy, since 

inaccuracies in their positions may result in errors in the positions of the soundings, 
the errors increasing with the distance from the control stations. Stations whose 
geographic positions are known should be plotted with an accuracy that will ensure no 

plottable error at the scale of the survey sheet. 



741 HYDROGRAPHIC MANUAL PAGE 684 

741. PLOTTING THE SHORE CONTROL 

Shore control may be divided into three classes according to the method and accu- 
racy of determination (see 211). First,is the control located by triangulation ; second, that 

located by topography; and third, the remainder, which is located by the hydrographic 
party, usually by sextant angles. Of these three types of control the latter, the hydro- 
graphic stations, are invariably located for the purpose of controlling the hydrographic 
survey. The topographic stations are almost always located for this purpose, espe- 
cially if the topographic survey immediately precedes the hydrographic survey. The 
triangulation stations, however, have often been located for the purpose of control- 
ling the topography or as part of an are of triangulation, and may or may not be valu- 

able in controlling the hydrography. 
There are several methods in use for plotting the shore control on the smooth sheet, 

depending upon the form in which the data are available. These methods are de- 
scribed in the following items. 

Cuts, angles, and distances may often be combined in various ways to furnish 
positions of control stations. These are described in chapter 2. Such determinations 
are usually best plotted with the three-arm protractor in the manner described in 4534, 
if computations are impracticable. 

7411. Plotting by Dms. and Dps. 

The data for plotting triangulation stations are usually furnished on Form 28B, 

Geographic Positions. The latitude and longitude in degrees, minutes, and seconds 
are given for each station, as well as the distances and azimuths between stations. 

The equivalents in meters of the seconds of latitude and longitude are also given for 
stations along the coast and these are known as the dms. (meridional differences) 
and dps. (parallel differences), respectively, of the stations. Thus, if the position of a 

station is given as latitude 54°44’34"189 N. (1,057.2 meters), longitude 130°56’427362 

W. (756.5 meters), its dm. is 1,057.2 meters north of the 44-minute parallel, and its 

dp. is 756.5 meters west of the 56-minute meridian. 
To plot a triangulation station, the quadrilateral on the projection within which 

the station falls is first identified. With a pair of dividers and a metric scale (see 4821), 

plot its dm. near each meridian line and mark with a fine prick point. Connect the two 
pomts thus plotted with a fine pencil line, using a chisel-edged 6H pencil. Plot the 
dp. of the station along this line and mark with a fine prick point. This will be the 
position of the station provided there is no distortion in the paper. 

As a check of the plotting, and to compensate for any possible distortion, the 
station must also be plotted from the north parallel and the west meridian of the 
quadrilateral. These distances are the back dm. and back dp. for the station, and if 
not already available, they may be obtained by subtracting the dm. and dp. values 
from the value of 1 minute of latitude and longitude, respectively, as given in the 
polyconic projection tables for the latitude of the station. If the sheet contains an 
appreciable amount of distortion the plotted distances will result in two pairs of points, 

each pair closely adjacent. The true position of the station will be at a distance from 
the points proportional to their respective distances from the projection lines. (See 
fig. 152.) 

The position of the station should be marked with a fine prick point and identified 

temporarily by a small circle and the name of the station, both in pencil. 
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In plotting by dms. and dps. do not use the intersections of meridians and parallels 

to plot from, but use points on the parallels or meridians slightly offset from the inter- 
sections. A magnifying glass should always be used for setting the dividers on line 
and for selecting the final position of the station. The beam compass should be used 

if the distances are too long to plot accurately with dividers. 
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FIGURE 152—Control stations plotted by dms. and dps. on a distorted sheet. 

On recently constructed smooth sheets in which there is no distortion, triangulation 
stations should always be plotted by the dm. and dp. method. The plottings may 
be checked with the “latitude and longitude scales” (see 7412). 

Other types of control are often plotted by dms. and dps., especially when their 
positions are available only in this form. 

7412. With Latitude and Longitude Scales 

Geographic positions may also be plotted with latitude and longitude scales 
(C in fig.91). These are similar in appearance to a triangular engineer scale, each con- 

taining one scale for the plotting of latitude and five scales for the plotting of longitude 
at various latitudes. With these scales a geographic position is plotted by minutes 
and seconds directly, without recourse to the dms. and dps. 

Each scale covers a distance slightly longer than 1 minute of are at a scale of 
1:10,000 and is divided into 60 main divisions, each division being further subdivided 

into 5 divisions. It is thus possible to plot 0.2 second of are directly from the divisions 
and to interpolate to 0.05 second. By placing the scale slightly at an angle to the 
meridians or parallels, the two ends of the scale may be made to coincide with the two 
adjacent meridians or parallels, thus dividing the intervening space into 60 equal parts. 
When a station is to be plotted, the correct latitude should be marked at a slight distance 

each side of the station, the two points being connected by a fine straight line. The 
longitude may be similarly plotted, the correct position being at the intersection of the 
two lines; or the longitude may be plotted directly on the line of correct latitude. 
(For further description see 4822.) 
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These scales may be used satisfactorily for plotting stations on scales of 1:10,000 
and 1:20,000. They are not particularly useful for other scales. Their chief advantage 
is in plotting on sheets that contain some distortion, and in checking previously plot- 
ted positions. Tests in the Washington Office indicate that geographic positions can be 
plotted with these scales with approximately the same accuracy as is attained by the 
use of a beam compass or dividers, and can be scaled or checked with considerably 
greater speed by one accustomed to their use. 

7413. Plotting by Transfer 

The stations located by topography are usually placed on the smooth sheet by 

transfer from the topographic sheet. Ordinarily the topographic survey has imme- 

diately preceded a hydrographic survey and its scale has been determined by the de- 
sired scale of the hydrographic survey. In such cases, the scales are identical and, if 

there is no distortion in either sheet, the most expeditious method of transferring the 
positions of the signals to the smooth sheet is by tracing paper. ‘Tracing cloth should 
not be used for this purpose since it is subject to larger dimensional changes than the 
paper. 

The tracing paper is securely fastened over the topographic sheet and a needle, or other fine 

point, is used to prick the exact positions of the topographic stations and the adjacent projection inter- 

sections through the paper; the shoreline and topography are usually transferred at the same time 

(see 7561). The stations and the intersections are temporarily identified by symbols or otherwise in 

pencil. The tracing paper is then superposed on the smooth sheet with the corresponding projection- 

line intersections in coincidence, and the positions of the topographic stations are pricked through the 

holes in the tracing paper into the smooth sheet, and temporarily marked in pencil. 

If there is distortion in one or both of the sheets, the projection intersections will not all coincide. 

In such a case the tracing paper must be adjusted for each quadrilateral so that the difference between 

the two projections is proportioned for each station plotted. Sometimes the tracing has to be shifted 

several times, as where stations are located in different parts of the quadrilateral. Even if there is no 

apparent difference between the two projections the coincidence of the adjacent intersections should 

be verified before the stations are pricked through. 

Where shoreline and other topographic detail are also to be transferred, it may be 
found more expeditious to prick on blank tracing paper the projection intersections of 

the sheet to which the transfer is to be made. These pricked intersections are then 

adjusted, quadrilateral by quadrilateral, to the topographic survey from which the detail 
is traced. This eliminates the awkwardness of having to shift constantly both the 
tracing and the transfer paper when making the final transfer to the smooth sheet (see. 

7561). 
7414. With Proportional Dividers 

Control stations may be transferred from one sheet to another by proportional di- 

viders, but this method should be used only where the transfer is from a comparatively 
large-scale survey to a comparatively small-scale one. The principle of the propor- 
tional dividers is explained in 4812. Jn using them for the transfer of stations, the scale 
setting of the dividers must be used only for a preliminary adjustment. Before actual 
use, a final setting must be made by trial and error on the two projections. In most 
cases, one setting will suffice for both latitude and longitude measurements; but this 
should be verified and if necessary a different setting used. Control stations trans- 
ferred by this method should be plotted as explained in the second and third paragraphs 

of 7411. 
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7415. Plotting by Cuts 

Cuts are sextant angles, usually taken from a survey vessel, between an object 
whose position is known and an object whose position is to be determined. The posi- 

tion of the observer is located by two sextant angles. Two or more such cuts taken 

from different positions determine the position of the unknown object. Cuts may 
also be taken from previously located shore stations. Cuts are recorded in the various 
Sounding Records and indexed on page 2 of volume No. 1 (see 248). 

To plot a control station from sextant cuts, the position of the observer is first carefully plotted, 

if not at a previously determined station, using a metal protractor whose adjustment has been pre- 

viously checked (see 762). The third angle or cut is then set on the protractor and with the center 

placed directly over the observer’s position and one arm passing through the known station, the 

angle to the new station is plotted by a short line drawn along the edge of the protractor arm with 

a hard chisel-edged pencil (see 724). This must be temporarily identified by the name of the new sta- 

tion in pencil. All other cuts to this same station are plotted in a similar manner from the respective lo- 

cations from which they were taken. If the observing has been carefully done and based on control 

precisely located, and the sheet is free from distortion, all of the cuts should intersect at one point, 

which is the location of the station. It rarely happens that this is the case, and a position must be 

adopted which will most nearly fall on all of the plotted cuts, taking into consideration their respective 

probable accuracies. The penciled cuts must not be erased from the smooth sheet until after the 
verification of the survey in the Washington Office. 

7416. Stations Located by Three-Point Fixes 

Control stations are sometimes located by three-point fixes at the station. In 
such cases their positions may be plotted on the smooth sheet with the three-arm 

protractor (see 4534) verifying the plotting with the check angle, if taken. If there is 
distortion in the sheet or if stations observed are considerable distances away, the 
position should be computed on Form 655 (see 2431) and plotted on the smooth sheet 
by the dm. and dp. method. 

742. PLoTTiINnG THE FLOATING CONTROL 

The floating control which may be used to control a hydrographic survey usually 

consists of survey buoys or sono-radio buoys, and occasionally small marker buoys. 
There are various methods of determining the positions of such buoys depending upon 
the availability of shore signals, the distance offshore, the character of the area sur- 

veyed, etc. These methods can be grouped generally as follows: (a) sextant locations 

either by three-point fixes at the buoys or by cuts from the vessel; (6) directions from 
shore stations; (c) sun azimuths from the vessel to shore stations; (d) sun azimuths 

and distances; (e) astronomic observations; (f) by reference to submarine relief; and 

(g) various combinations of these. 

A complete discussion of these methods as well as the methods to be used in 

determining the geographic positions of the buoys is contained in section 25. In 
determining the geographic positions for smooth-sheet plotting, the plotter should 
follow the method recommended for the particular case involved. The following item 
deals only with certain general aspects of the problem. 

7421. Determining Positions of Floating Control 

The positions of the floating control are ordinarily known prior to the construction 
of the smooth sheet, since they must be known in order to execute the field work. 
There are two general methods of obtaining these positions, (a) by computation and 
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(b) by graphic plotting on en aluminum sheet. In both methods the geographic posi- 
tions of the buoys, and consequently their dms. and dps. are obtained; hence positions 

of the buoys are plotted on the smooth sheet in the same manner that shore stations are 

plotted by dms. and dps. (see 7411). Graphic methods usually furnish the required 
accuracy of position for buoy-control surveys, provided accurate methods are used and 

care Is exercised in the plotting; but it is frequently desirable and easier to compute the 
positions. 

a. By computation.—Positions of buoys are determined by computation generally 

when it is not practicable to plot the observed data on the smooth sheet, as when the . 

sheet is distorted or the scale is too small or the stations observed on are too far distant. 
b. By graphic plotting —Graphic plotting should generally be resorted to when the 

data can be plotted on an aluminum sheet, or where the computations are too involved 

as in the case of cuts obtained from a vessel whose position is determined by a three- 
point fix. (See 2552 for detailed description of latter method.) Graphic plotting 

should also be used where buoys are located by taut-wire distances or by subaqueous 
sound ranging or by reference to submarine relief. 

Where a number of buoys have been located and plotted by three-pomt fixes, it 

may be desirable to compute the positions of selected ones to verify the accuracy of the 
eraphic plotting. 

In graphic plotting, an accurately adjusted metal protractor should always be 

used and the work should be done with the utmost care and precision. Usually the 
buoys are in such locations that the angles of the three-point fix are relatively small, 

which tends to magnify plotting inaccuracies. 

743. STATION SYMBOLS 

Each station used for the control of the hydrography shall be identified on the 
smooth sheet by its appropriate symbol and name, both inked in the color specified (see 

fig. 169). The actual station point is a fine needle hole, the edges of which are blackened 
by rotating a sharp hard pencil point in the hole to facilitate its use in plotting the 
hydrography. Ink should never be used for this purpose (disregard fig. 169 in this 
respect). The symbols and colors shall be according to the following scheme: 

(a) Triangulation and traverse stations shall be identified by red equilateral triangles, 4.5 mm 

on a side (fig. 153), symmetrically placed around the station point with the base of the triangle normal 

to the meridian and the apex north. i 

(b) Topographic stations shall be identified by red circies 3 mm in diameter, symmetrically 

located around the station point. Stations on air photographie surveys which have been located 

by the radial plot for the use of the hydrographie party, are classed as topographic stations. Stations 

to supplement those located by the radial plot, and which are located by the hydrographic party by ap- 

proved methods, shall also be classified as topographic stations (see 2393). 

(c) Hydrographic stations (stations located by sextant or other means, see section 24) shall be 

identified by blue circles 3 mm in diameter symmetrically located around the station point. The 

positions of ordinary survey buoys are to be identified by the symbol for hydrographic stations. 

(d) Stations which have been spotted by the hydrographic party from the details of the photo- 

graphs or the air photographie survey (see 2394), shall be identified by green circles 3 mm in diameter, 

symmetrically placed around the station point. 

(e) R.A.R. stations shall be identified by a double concentric circle, the inner 3 mm in diameter 

in blue ink, and the outer 5 mm in diameter in a distinctive color corresponding to the distance ares 

drawn from it (see 7637). 

The symbols for topographic and hydrographic stations are easily made and 
centered by the use of the drop-bow pen (see 4841). There is some difficulty, however, 
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in making the triangulation station symbol neatly and symmetrically around the 
station point. There are several methods of doing this. One method is to draw a 
faint pencil circle 2.6 mm in diameter, and with a straightedge and an equilateral 
triangle draw the sides of the symbol tangent to the circumference of the penciled circle. 

Triangulation station Buoy 

FIGURE 153.—Templates for triangulation station and buoy symbols. 

Another method is by means of a celluloid template cut to the correct size (see fig. 
153). The perpendicular etched lines are used in centering the symbol and in orienting 
it with reference to the projection lines. The small holes on the extensions of the 
triangle sides are used to draw pencil lines as guides for drawing the symbol in ink after 
removal of the template. Inking inside the template cannot be neatly done and should 

not be attempted. (See also 4834 and fig. 96.) 

744. STATION NAMES 

All of the station names shall be inked on the smooth sheet in vertical letters with 

an over-all height of the upper case letters not to exceed 3 mm, and a thickness of ink 

line not to exceed 0.5 mm. Slanting letters shall not be used for any station names. 
Under this heading instructions are given only for station names (see 215 and 3245). 
Instructions for geographic names are given in 787. Instructions for names of aids to 
navigation are given in 7843, and instructions relative to miscellaneous notes are given 
in 781 and 7825. The names of triangulation and topographic stations shall be in red 

ink, names of hydrographic stations in blue ink, and names of stations spotted from 
the air photographic detail shall be in green ink. (See figs. 169 and 171.) © ae 

Where only a part of the triangulation station name is used in the hy drogtaphic 
survey, this part shall be emphasized by underlining it in red inkX, Where an entirely 

different name, arbitrarily selected, is given to a triangulation station, for use in the 
hydrographic survey, the arbitrary name shall be inked in blue, followed by the triangu- 
lation name in red and in parentheses. : 

7441. Agreement of Names 
by 

The station names on the smooth sheet must agree with those used on the boat 
sheet, the topographic sheet, and in the Sounding Records. If there is any disagree- 
ment between these three sources it must be investigated and corrected, and the name 
actually used in the Sounding Records placed on the smooth sheet with an appropriate 
notation in the various records to clarify the original discrepancy. 

465382—44—45 
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Where identical stations are used in the overlapping area of two hydrographic 
surveys, the station names must be identical. If, inadvertently, a different name is 
used than appears on the prior survey, both names shall be placed on the smooth sheet, 
the one actually used in the Sounding Records being followed by the older name in 
parentheses with an appropriate explanatory note. 

7442. Size of Lettering 

Unless the draftsman is particularly skilled in lettering, it is preferable that a 
mechanical lettering set (see 4834) be used in inking station names on the smooth 

sheet. The 3 mm maximum height of upper case letters may be obtained by the use 
of Leroy lettering set template No. 120 with No. 00 pen. Although letters 3 mm in 
height are to be considered the standard, in congested areas this size is sometimes 
impracticable and a smaller size must be used. 

The most important station names shall be in capital letters; included in this 
designation are all triangulation station names and the station names of the most 
prominent signals (i.e., those most frequently used). Station names of all minor 
signals on a hydrographic sheet (i. e., those used only for sextant fixes in the immediate 

vicinity) shall be in capitals and lower-case letters. 

7443. Placement of Station Names 

North shall be considered the top of the smooth sheet and all station names shall 

be lettered on lines normal to the central meridian. Wherever practicable, names 

shall be on line with the bottom of the station symbol, and east of and separated from it 
by a space of one letter (see fig. 169). There should never be any doubt as to the 
name of a station. Where it is necessary to place the name so far away that doubt 
may arise as to its reference, a fine inked arrow or leader, in the same color as the name, 

should be drawn from the name to the symbol. The leader should be broken where it 

crosses soundings. 
Names should never be placed in the water area where it is practicable to avoid it. 

Where this cannot be avoided, as in some cases of hydrographic stations (particularly 
survey buoys) or stations on detached rocks, the names must be placed where they will 
interfere least with the plotted hydrography. The inking of such names must be 

deferred until after the soundings have been penciled. 
The name of a triangulation station must always be followed on the same line (not 

below) by the year of establishment and the year of recovery, a comma separating 

the name and the date, and a hyphen separating successive dates. 

7444. Stations in Water Areas 

Unless it is clear from the topographic information, names of stations offshore from 

the high-water line must be accompanied by a brief note, or legend, explaining whether 

the stations are located on permanent features (natural or artificial), or on temporary 
ones. If the station is on a rock or shoal, the desired information is usually apparent. 

If it is on a pile or other structure built in the water, or is on a pole placed in the water 

by the hydrographic party, the note must explain fully the circumstances, so that the 
cartographer will know whether to chart an obstruction, pile, or other feature at the 

location. Such notes should be in black ink, as closely adjacent to the station name as 
practicable, but indubitably referring to it. (See 781.) 
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745. VERIFICATION OF THE CONTROL 

The plotting of the control must be verified by a person other than the one who did 

the plotting. The verification must consist of the actual replotting of the stations, 

their placement in the correct quadrilaterals of the projection, and their identification 

bv the correct names. 
Only after this has been done, are the symbols and names to be inked. 

746. PROJECTION AND CONTROL DATA 

The projection and control data shall be given in the lower right-hand corner of 

the smooth sheet, and rubber Stamp No. 42, Hydrographic Survey, shall be used for this 
purpose. The center of the stamp should be about 7 inches from the right edge. 

Entries should be made in all of the applicable spaces of the stamp. The initials of 
the persons plotting and verifying each of the items listed should be entered, together 
with the dates. It is important that the verification information be given, otherwise 

unnecessary duplication results, since 
the Office cannot assume a field verifi- No. 42 HYDROGRAPHIC SURVEY 
cation unless evidence of this appears 
on the survey sheet. If an item in the Ficld No. 20 .cctcsose 
stamp is not applicable to a particular Sealewiles otic ae cat 
survey, as where no hydrographic sta- Projection 

Tri. Sta tions are on the sheet, an explanatory 
entry should be made, such as ‘“‘none”’ 
opposite ‘Hydro. Sta.” 

The registry number of the survey 
shall be given if known, as well as the 
field number (see 154). Opposite the Lat. oa ‘4 errors m. 

item “Ref. Sta.” on the stamp, the llc 
name and date of establishment of some 
one triangulation station on the sheet, 
should be given. The’ latitude and longitude with seconds in meters shall be given 
immediately below. Whether the position has been adjusted or not shall be indicated 
by ruling out the inapplicable abbreviation following the data, if this is known. 

All of the projection and control data shall be shown in black ink. A facsimile of 

Stamp No. 42 with the necessary data entered is shown in figure 154. 

FIGURE 154.—Projection and control data for smooth sheet. 

75. TRANSFER OF THE TOPOGRAPHY 

The hydrographic smooth sheet, as finally registered, is not the authority for the 
topography, which is surveyed on a separate sheet. Where the topography is surveyed 
by planetable, it is usually done in the same season, immediately preceding the hydro- 

eraphic survey and under the direction of the same Chief of Party. In the case of air 
photographic surveys, however, the photographs may have been taken several years 
earlier and the planimetric maps may have been completed some time before the hydro- 

eraphic survey. Infrequently there is no contemporary topographic survey; that is, no 

survey accomplished during the same season or in a season immediately preceding the 

hydrographic survey, which is considered to be a part of the same project. 

The Chief of Party shall have the hydrographic party verify, and revise if neces- 
sary, the high-water line and all topographic details offshore therefrom, which are 
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derived from the topographic survey, so that they are correct and in agreement with 
data originating with the hydrographic survey (see 381). 

In order that the hydrographic survey may present a complete graphic record of 
the area, all topographic details within the limits of the hydrography and adjacent to it, 
including the high-water line, must be shown on the smooth sheet except as noted in 751. 

The transfer of the topography must be made with the utmost care so that there 

is no appreciable inaccuracy in position. Photographic copies of the hydrographic 
surveys are frequently furnished to the public and to governmental agencies, and it is 
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FIGURE 155.—Shoreline shown on smooth sheet without obscuring positions of control stations. 

naturally assumed by many of these that the topographic details shown thereon are 
correct. 

When the topography is transferred, the high-water line and all offshore details 

are transferred at the same time in pencil, but are inked only as specified in 752 to 755 
inclusive (see also table 28). Topographic detail must never obscure the centers of con- 
trol stations. Only important detail should be shown inside the station symbol, but in 
no case shall the shoreline be drawn through the station point. Examples to be followed 
are illustrated in figure 155. 

Topographic details inshore from the high-water line shall be omitted from the 
smooth sheet, except where stations are on or near buildings (see 7844). 

751. Omisston OF TOPOGRAPHY 

The field plotter may omit all or part of the topography from the smooth sheet in 

the following cases: 

(a) Where there is no contemporary topographic survey. After the hydrographic survey has 

been reviewed in the Washington Office, a decision will be made as to whether any topography is to 

be shown thereon. 
(b) Where the topographic and hydrographic surveys are on different scales and the transfer 

presents difficulties. In such cases the topography will be added to the sheet at a later date in the 

Washington Office. 
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(c) From an offshore survey (one where another survey exists or is contemplated between it and 

the shore). If the survey is on the same scale as the topographic survey, the high-water line only 

should be transferred but not the topographic detail adjacent to the shore. 

(d) From wire-drag smooth sheets where the drag limits are not very close to the shoreline. 

Where the shoreline is shown, it is not necessary to transfer all the rocky detail adjacent thereto. It 

is usually sufficient to show only such off-lying rocks and reefs as were factors in delimiting the inshore 

extent of the dragged area. 

752. THe SHORELINE 

The shoreline which is shown on the topographic survey and likewise on the smooth 
sheet, and on the charts published by the Coast and Geodetic Survey, is a mean high- 
water line, except in marsh and mangrove areas. In the latter cases the shoreline is the 
visible edge of the marsh or mangrove, because this is the line which appears to the 
mariner as the shoreline. 

After transfer of the topography, the mean high-water line should be inked at once, 
except in those areas where the boat sheet dislcoses a possible conflict between the shore- 
line as located by the topographic survey, and the hydrography. In such cases the 

shoreline shall be left in pencil until the soundings have been plotted and a study made 
of the results. All details offshore from the high-water line must also be left in pencil 
pending the plotting of the hydrography. 

The mean high-water line on fast solid land shall be shown on the smooth sheet 
by a firm continuous solid black line about 0.4 mm thick. The shoreline of marsh, 
swamp, and mangrove areas shall be shown by a fine solid black lne about 0.2 mm 
thick. (See 962.) The outlines of small details of waterfront areas, such as small piers 
and bulkheads, shall be shown by moderately fine lines, somewhat finer than those used 
for the mean high-water line on fast land, in order that the small details of pier lines and 
pier corners may not be obliterated. (See fig. 169.) 

753. REvisions BY HyprRoOGRAPHIC PARTY 

The hydrographic party is responsible for the correctness of the topographic detail 
falling within the limits of the hydrographic survey, including the high-water line and 
waterfront details if the survey is carried close thereto. Where the topographic survey 
was not made in the same season as the hydrographic survey and under the direction 

of the same Chief of Party (see 381), revisions or corrections thereto shall be shown on 

the smooth sheet, according to the following instructions: 

(a) Where the revised shoreline or topography has been determined by standard topographic 

methods or methods resulting in an equal accuracy, it shall be inked in a solid red line. 

(b) Where the revised data are only sketched by careful estimation or are based on sextant 

fixes, or sextant cuts, they shall be inked in broken red lines. Where the shoreline has been sketched 

by the method described in 3812, it shall be left in a broken pencil line by the field party, to be inked 

in the Washington Office in a broken black line when, at the time of review, no accurate survey is 

known to be contemplated. 

(c) The thickness of the inked lines shall be equal to those prescribed in 752 (i. e., 0.4 mm for the 

shoreline of solid ground and 0.2 mm for the visible edge of marsh or mangrove areas). 

(d) Appropriate notes shall be made both on the smooth sheet and in the Descriptive Report 

explaining the discrepancies and the methods used in determining the positions of the revised data. 

The red color will distinguish immediately between shoreline and topography 
which have originated with other sheets, and the revised data for which the smooth 

sheet and the hydrographic party are the authority (see fig. 169). 



754 HYDROGRAPHIC MANUAL Pace 694 

754. THE Low-WatTerR LINE 

The low-water line shown on the planetable survey is usually not a surveyed line. 

It has ordinarily been sketched by the topographer and is furnished as a guide to the 
hydrographer during his hydrographic survey. Occasionally, however, where the 

topographer is in a locality at low tide, he may actually delineate the low-water line 
by rod readings. 

The low-water line is the curve of zero depth and its best delineation for hydro- 
graphic purposes results from soundings obtained in its vicinity. Since such soundings 
are subject to possible modification in the Washington Office, caused by changes in 
the tide reducers or for other reasons, the low-water line shall be left in pencil on the 
smooth sheet by the field party, to be subsequently inked in the Office when the survey 
is verified. Where minus soundings are plotted, care must be taken to see that the 
curve is correctly shown relative to them (see 7715). 

After the soundings have been penciled on the smooth sheet, the complete low- 

water line shall be shown thereon in pencil in accordance with the following prefer- 
ences, using the same symbols as are prescribed for its inking (see fig. 169): 

(a) The zero depth curve as determined by the reduced soundings in areas where the hydro- 

graphic survey has extended: over the low-water line during periods of high water—to be eventually 

inked as a continuous yellow line. 

(b) Those parts of the low-water line that were rodded in by the topographer at low tide—to 

be eventually inked as a black line of alternate dashes and dots. 

(c) Those parts of the low-water line which can be reasonably well determined from notes in the 

Sounding Records and sketches on the boat sheet made by the hydrographer at the time of the hydro- 

graphie survey—to be eventually inked as a yellow dash line. 

(d) In cases not covered by any of the preceding three classes the low-water line shall be taken 

from the best available source, usually that sketched on the topographic survey—to be eventually 

inked as a black dotted line. 

Occasionally it may be desirable to delineate the low-water line by symbols, such 
as for rocky ledges or coral reefs. In such cases the offshore edge of the symbols shall 

be considered the low-water line. 
The low-water line derived from an air photographic survey shall be considered 

to be in class (d), unless there is a positive statement in the Descriptive Report that 

parts of it were rodded in by planetable, when of course those parts shall be considered 
in class (6). The latter, however, is rarely the case. 

755. OFFSHORE DETAIL 

Topographic details offshore from the low-water line, such as rocks, reefs, ledges, 

rocky areas, and shoal areas, except islands or islets of some extent, shall be left in 

pencil on the smooth sheet until the soundings have been penciled. The hydrographic 

survey frequently contains data which supplement, and in some cases modify, the 

topographic survey. Before such details are inked on the sheet, all of the data must 
be considered and disposition made as to character, location, and elevation in accord- 

ance with the rules prescribed in 782. (See also 7862.) 
It is unnecessary to transfer the elevations of bare rocks that do not fall within 

the limits of the hydrography, such as the numerous rocks that are often found close 

to the high-water line in certain areas. 
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756. MetTHOopsS OF TRANSFER 

There are five methods of transferring topographic detail from one sheet to another 

depending on the respective scales of the two sheets, the degree of accuracy sought, 
and the instrument equipment available. These are: (a) by tracing paper; (b) by 

projector; (c) by pantograph; (d) by the method of squares; and (e) by the radial-line 

method. The projector and pantograph are generally not available to field parties 

nor to Processing Offices and these methods are, therefore, not described in this section. 

A description of the projector is given in 4854 and of the pantograph in 4853. 

7561. Tracing-Paper Method 

Where the topographic and hydrographic surveys are on the same scale, the simplest 

method of transfer is by means of tracing paper. Tracing cloth must not be used. As 
explained in 7413 the topographic details are traced at the same time that the topo- 
graphic control is pricked through, making the adjustments for distortion by small 

shiftings of the tracing on the topographic sheet. The transfer to the smooth sheet 
can be accomplished in several ways. The preferred method is to use a letter-size 

sheet of thin transfer paper, which is prepared in advance by dusting with red offset 
chalk powder (Kiel), or dry powdered graphite, rubbing it lightly over the surface with 

a small rag until an even coating is produced. Red is preferable because of its contrast 
with penciled or inked detail that may be on the smooth sheet. These materials are 
needed in very small quantities and will be furnished by the Office on request. Ver- 
milion dry pigment should not be used because it is slightly greasy. In an emergency 

black or red carbon paper can be used. 

The actual transfer is made by superposing the tracing on the smooth sheet so that corresponding 

projection intersections are in exact coincidence. The transfer paper is then placed, coated side 

down, between the tracing and the smooth sheet and with a stylus or sharp hard pencil the detail on 

the tracing is gone over. This leaves a sharp outline on the smooth sheet. The transfer paper is 

moved to an adjoining portion of the sheet and the procedure repeated. It is of the utmost importance 

that the tracing does not slip during the transfer process. This should be checked as each portion is 

transferred. The transferred detail is subsequently inked or penciled as explained in 752 to 755 

inclusive. 

Where a small amount of transfer is involved, the reverse side of the tracing itself may be coated, 

applying the powdered chalk only in the vicinity of the topographic details. Another method is to 

smear the underside of the tracing paper with the lead of a soft pencil, using the side of the lead for 

the purpose. Special care must be taken with the latter method because of the danger of distorting 

the tracing paper during the rubbing. 

In transferring detail by the tracing-paper method excessive pressure must not be used on the 

tracing, as this will engrave the lines in the smooth sheet. A slight pressure is generally sufficient to 

ensure a satisfactory impression. 

The tracing or tracings used in the transfer shall be forwarded to the Washington 

Office with the boat sheet (see 8351). 

7562. Method of Squares 

This method is not sufficiently accurate for the transfer of topographic detail to 
the smooth sheet, but may be used to transfer the shoreline to the boat sheet or in 

other cases. 

In the method of squares (fig. 156), common points on the two surveys are selected—usually 

intersections of meridians and parallels. Referred to these common points, sets of corresponding 

squares or rectangles are constructed lightly in pencil, which are identical when referred to the actual 
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ground detail, but differ in size on the two sheets. Every fifth line should be accentuated to facilitate 

identification. The detail may then be transferred from one sheet to the other by reference to the 

positions within these small squares. 

In order to obtain any reasonable accuracy, the squares on the smaller scale should 
be formed by lines not more than one-eighth inch apart. When these squares are 
correctly drawn, they may be termed corresponding squares because each square corre- 
sponds to its respective square in terms of the ground area. 

FIGURE 156.—Reduction of topography by method of squares. 

If it is desired to avoid marking up the source sheet, the squares may be drawn on 
tracing paper and laid over the detail to be transferred. The procedure is then the 
same as above. 

7563. Radial-Line Method 7a 

Like the method of squares, this method (fig. 

157) should not be used for transferring topographic 
' detail to the smooth sheet. It is of most value where 

' only an approximate accuracy is needed and the 
| detail consists only of the high-water line. It is 

‘ : faster than the method of squares. To use the 
ae “ oN x | method, a point common to the two surveys is selected 

from which radial lines can be drawn to intersect the 

general trend of the shoreline at not too acute an 

angle. oe iS yi “X 

i 

In practice, tracing paper is placed over the sheet with 

the source material, and from the selected point radial lines 

c ® are drawn to intersect the shoreline at all salient points and 

Figure 157.—Reduction of topography by at enough intermediate points to permit fairly accurate 
bape eee: sketching of the detail. In the simplest case, where it is 

desired to transfer to a scale twice as large or half as large as the origirial, it is merely necessary to 

use dividers to double or halve the radial distances from the common point to the intersections 

with the shoreline and plot the new distances along the same lines. Subsequently the intervening 

' 
! 
! 
' 

' 

t 

' 
' 
' 
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shoreline is sketched in pencil by eye through the new points so that it corresponds to the original. 

The shoreline at the new scale may then be transferred by one of the methods described in 7561. 

This same method can, of course, be used to increase or decrease the scale in any proportion by the 
use of proportional dividers. 

757. VERIFICATION OF TRANSFER 

The transfer of all the topographic details must be verified by a person other than 

the one doing the original work. A statement that this has been done shall be included 
in the Descriptive Report, accompanying the statement giving the source of the topo- 
graphic detail (see 842G). If the detail is to be inked in the field (see 792), the verifica- 
tion should be made after the inking. 

76. PLOTTING THE POSITIONS 

As explained in 332, there are at present various methods orcombinations of methods 

by which the hydrography is controlled, depending on the conditions under which the 
operations are carried on. The most common of these are: (a) The three-point fix 
method in which the position of the vessel is determined by measuring simultaneously 
the two angles between three control stations (see 333); and (6) the Radio Acoustic 

Ranging method in which distances from the vessel to two or more hydrophone stations, - 
whose positions are known, are obtained. by subaqueous means (see 612 and 681). 

In this section is given the general procedure for plotting all positions as well as 

the detailed procedure for the above two methods. In addition the methods for plot- 
ting astronomic positions and dead reckoning are described. The procedure for plot- 
ting positions determined by special methods will be apparent from the description of 
those methods (see 3323). 

Prior to plotting the positions, and at least once a month during the progress of 
the plotting, the protractor must be tested and the metal protractor adjusted, if 
necessary (see 4533). 

The positions on sounding lines are usually plotted in the order in which they were 
taken; that is, the smooth plotter begins with position 1 of ‘A’ day and plots all of the 
positions on the smooth sheet in the order in which the work was actually executed in 
the field. This is not obligatory, of course, and in fact it may be preferable to plot the 
positions in critical areas first, especially if plotting is done while field work is still in 
progress, in order to give immediate evidence whether additional work is required in 

the area. 

In plotting the positions, use should be made of the entries in the Sounding Records 
at the beginning of each day’s work, giving the approximate latitude and longitude of 
the first position. This is given to facilitate the plotter in locating quickly that portion 
of the smooth sheet on which the position falls. Similar information is given at the 
beginning of any line starting in a new area. 

In plotting the smooth sheet, a certain systematic procedure is necessary to permit 
the smooth plotter to attain speed and still retain accuracy in his work. As the plotting 
proceeds, he soon learns to sense where there is some deficiency in the recorded data. 
It is imperative for best results that the person plotting the smooth sheet be familiar 
with the methods by which the field work was done. Ifthe plotter has not actually been 
engaged in similar work, he should study the Hydrographic Manual so thoroughly that 
all phases of the work will be clear to him, and as the plotting proceeds he will be able 
to visualize the progress of the vessel during the work. 
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During the plotting of the positions on the smooth sheet, continued reference should 

be made to the notes in the ‘‘Remarks”’ column of the Sounding Record (see 815) and 
to the notes that are kept during the progress of the field work from which the De- 

scriptive Report is subsequently written (see 385). Quite frequently valuable informa- 
tion will be found in these sources which will guide or influence the plotter during his 
work. When the plotting of each day’s hydrography has been completed, the smooth 

plotter enters his initials with a colored pencil at the end of the day’s entries in the appro- 

priate space in Stamp No. 38, Processing (fig. 183), to indicate his responsibility for 

the plotting of that day’s work. 

FIGURE 158.—Protracting three-point fixes with three-arm protractor. 

761. SMooTH-SHEET COVERS 

To protect the surface of the smooth sheet while the protractor is being used, the 

entire sheet should be covered with a piece of tracing cloth or heavy tracing paper, 

otherwise the continual sliding of the protractor over the sheet will soil it excessively. 

A small round hole, about three-eighths inch in diameter, is cut in the cover over each 

station, exposing the center to permit accurate plotting. The holes should be cut cleanly 

so that their edges will not fray out and catch the protractor arms. One method of 

cutting the holes, after they have been marked in pencil, is by the use of a grommet hole 

cutter. If the cover is difficult to see through, it is desirable to letter each station name 
on the cover alongside its respective hole. Positions plotted by protractor are pricked 

through the cover into the smooth sheet. 
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Thin celluloid may also be used as a protective cover. This material is so trans- 

parent that small circular holes at the locations of the signals are unnecessary. The 
principal objection to celluloid as a protective medium is the difficulty in making tem- 

porary notes on it and in identifying the successive positions as they are plotted. 
After being correctly placed in position, the cover should be secured by weights or 

thumbtacks. Since it is necessary to lift the cover frequently, it will be found con- 
venient to secure it along the edge of the sheet farthest from the plotter with a sufficient 
number of tacks to hold it in position, using only one or two tacks elsewhere. 

It is not necessary to lift the protective cover every time a position is plotted. 

Occasional positions, say every fifth one, may be numbered temporarily on the cover 
itself. It is customary to plot at least all of the positions on one page of the Sounding 
Record, or all of the positions on a line, before raising the cover to number the positions 
on the smooth sheet and to connect them (see 7682). The smooth sheet should always 

be covered when not in use. 
R.A.R. smooth sheets are difficult to keep clean since the plotting of positions must: 

be done directly on the surface of the sheet. A convenient method of protection is to 
use two obsolete charts or pieces of wrapping paper folded in the form of envelopes to 
fit loosely over each end of the smooth sheet, each envelope being held together by 
Scotch tape. These are supplemented by two pieces of paper folded lengthwise over 
the sides of the smooth sheet, but with the ends open. The paper should completely 

cover the smooth sheet when each pair is in its innermost position. The envelopes 
should fit loosely enough so that they may be slid away from the smooth sheet as desired 
in order to expose the area being worked on. Several loose sheets of paper or a hand 

towel should be laid on top of the exposed surface to prevent its being touched by the 

hands or arms any more than is absolutely necessary. 

762. Prorractinc THREE-PotInt Fix Positions 

Three-point fix positions are plotted graphically in hydrographic surveying by the 
use of a protractor. This is usually a three-arm protractor made of either metal or 
celluloid having a fixed center arm and two movable arms with which the two observed 
angles can be set. The left angle of the fix is set with the left movable arm and the 
right angle with the right movable arm. The protractor is then manipulated into a posi- 
tion on the smooth sheet so that the three arms pass precisely through the respective 
centers of the plotted positions of the stations between which the angles were measured. 
The intersection of the three arms, which is the center of the graduated circle, then 
marks the position of the vessel or sounding. (See 4534.) 

7621. With Metal Protractor 

Most three-point fix positions are plotted on the smooth sheet with the metal three- 
arm protractor described in 4531. The construction of the metal protractor is such 
that it is inconvenient or impossible to use it in plotting positions which are at short 
distances from the stations. Neither can it be used with the rapidity or ease with which 
a celluloid protractor can be used. 

Extensions to the arms of a metal protractor are provided for use where the stations 
observed on are so distant that the regular arms do not reach them. When these 

extensions are used, extra precaution should be taken in the plotting. 
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7622. With Celluloid Protractor 

The use of the celluloid protractor (4536) shall be limited to areas of the smooth 

sheet where the stations are never more than 10 inches from the positions, the sum of 
the two angles is not less than 60°, and the smaller of the two angles is not less than 20°. 
Positions based on stations farther away than 10 inches or based on angles smaller than 
the above prescribed limits, must be plotted with a metal protractor. Critical positions 
shall be plotted with a metal protractor, if practicable. 

7623. Positions Close to Control Stations 

Celluloid protractors of the present model permit plotting three-point fixes which 
are quite close to the control stations, but because of the opaqueness of the protractor 
near its center, it sometimes happens that even this cannot be used satisfactorily. In 
such cases the angles of the three-point fix are plotted on a piece of tracing paper, or on 
a transparent paper protractor (4539), which is then manipulated the same as a three- 
arm protractor to plot the position. 

7624. Procedure for Protracting Positions 

The Sounding Record is the official record of the sounding and position data, and 

the plotter should follow the recorded data strictly, unless it is apparent that an error 
has been made. Since the system of field work requires that the sounding vessel pro- 
ceed at as nearly a constant speed as practicable (see 3461), and since the hydrographer, 

almost invariably, attempts to run straight lines, the dead-reckoning position of the 
vessel provides a reasonable check on the recorded position data. The boat sheet pro- 
vides the best check since the positions thereon were plotted by the officer-in-charge at 
the time the work was executed, and he was in a position to know where his vessel was at 
the time a particular position was taken (see 7671). 

Lines of soundings are run systematically, and it is usual for a number of positions 
to occur on a comparatively straight line (see 314). The smooth plotter, therefore, 
usually protracts all of the positions recorded on one page of the Sounding Record, or on 
one straight sounding line, before comparing them with the boat sheet and connecting 
them with penciled lines. When the plotter has assured himself that the positions of 
the series have been correctly protracted, a checkmark in colored pencil must be placed 
in the Sounding Record alongside each position number. A pencil of identical color 
should be used by the smooth plotter throughout his work, in making entries and 
corrections in the Sounding Records. 

As the protracting progresses, the notations in the ‘Remarks’? column should be 
noted in order that due attention may be paid to any remark which may affect the 
smooth plotting, and for information regarding features to which cuts were taken or 
which were otherwise located during the progress of the survey. As each such item 
is applied to the smooth sheet, this sbould be indicated by placing a checkmark after 
it in the Sounding Record. 

It is usual to protract all of the positions on the smooth sheet before the soundings 
are penciled, including the detached positions and all the cuts and other data that 
need to be located on the smooth sheet. When the protracting has been completed, 

the smooth sheet should contain all position information and, in general, it should 
not be necessary to use the protractor during the subsequent plotting of the soundings, 
except for occasional verification of a position. 
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A. ERRORS IN RECORDED DATA 

Although every effort is made to have all data recorded with the strictest accu- 
racy, the smooth plotter must keep constantly in mind the fact that in many cases the 
hydrography is performed under circumstances conducive to errors in recording. The 
recorder is frequently working under continuous pressure, and since the hydrography 
proceeds at a constant rate and it is his duty to record all phases of it, he may fail 
to correct known errors, or question suspected data. Launch hydrography is par- 
ticularly susceptible to recorded errors. Hydrographic launches are often propelled 
by gasoline engines in which the noise level is quite high. Angles and station names are 
being called by the observers, soundings are being called by the leadsman, and orders 
are being given, all in a loud voice, and the recorder is supposed to make an accurate 
record of all of these at the time they occur. 

As the smooth plotter becomes experienced, he will learn the kinds of errors which 
are most likely to occur in the recorded position data. The following list is not in- 
tended to be complete, but will serve as a guide to an inexperienced smooth plotter: 

(1) One or more station names may be incorrect—such errors are likely to occur where station 

names have similar sounds, 
(2) The station names are correct, but two or more of them have been transposed. 

(3) The right angle and left angle may be reversed. 

(4) The degrees and minutes of an angle may be reversed. 

(5) The observer may have read his sextant wrong, the most frequent errors being 10°, 30’, 

1°, and 20°, in that order. 

(6) The recorder may have misunderstood the angle, when called out, as for example, when 15 is 

mistaken for 50, 7 for 11, and vice versa. 

(7) The recorded data appear complete, but actually the right and left angles were not observed 

to a common center object. 

Corrections to recorded data should be made according to 7741 and figure 164. 

7625. Protracting Inadequate Fixes 

It frequently happens in three-point fix hydrography that the position data 
obtained are inadequate for plotting the positions by the conventional three-point 

method. It is then necessary to use special methods of plotting, or the data must be 

supplemented by other information before the position can be plotted. Such cases 
occur, (a) where only one angle has been observed, (6) where the two angles are not 

sibgemaal on a common center object, (c) where the three-point fix is weak, and (d) 
where the position is located by estimation. 

In (a), the procedure is first to plot the locus of the single angle. This is accomplished by setting 

the angle on the protractor and placing the center near where the position is likely to be. The two 

arms are then made to pass through the two stations involved. The center of the protractor will 
then be a point on the locus of the angle. Several such points are plotted in the vicinity of the po- 

sition sought and a short pencil are is drawn through them. The exact position of the vessel is then 

determined by the use of the dead reckoning in conjunction with the plotted locus. If the locus is 

nearly perpendicular to the course, the next following position on the line should be protracted and 

connected with the previous position by the dead reckoning. ‘The intersection of the dead-reckoning 

track and the locus will then give the position. Where the locus is nearly parallel to the course, 

a strong determination of the direction of the sounding line is obtained, but the position must be 

determined on a basis of proportional time between the preceding and following positions, assum- 

ing there has been no change in speed. Thus, if positions 5A, 6A, and 7A were taken at 9:04, 9:07, 

and 9:11 respectively, then position 6A would be plotted at three-sevenths the distance between 5A 

and 7A, on the locus of the observed angle. 
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Wherever the locus of an angle is to be plotted, this can be done directly on the smooth sheet, 

using the protractor centerpiece with a hole in it. Only the final position will then be pricked on the 

sheet. Care must be taken, of course, to see that the underside of the protractor is clean. 

In (b), which usually occurs through a misunderstanding or error, the position is determined by 

plotting separately the locus of each angle, the correct position being at the intersection of the two 

arcs, assuming that they do not intersect at too acute an angle. 

LOCUS OF LEFT ANGLE 

POSITION OF OBSERVATIONS LOCUS OF RIGHT ANGLE 

FIGURE 159.—Sextant fix plotted by intersection of loci. No common center object. 

In (c), the recorded data may be complete, but the fix is weak, giving an inadequate determination 

of the position (see 3332). There are two types of such fixes. In one type, the fix can be plotted in 

one position but the result is erroneous because of the weakness of the fix in conjunction with other 

factors. In the other type, known as a swinger or revolver, the fix can be plotted in any one of several 

positions. In either type, the recorded data must be supplemented by the dead reckoning in order to 

determine the most probable position. In the first case it is usually necessary to disregard that part of 

the recorded data which has resulted in the erroneous position, while in the second case all of the re- 

corded data may usually be used to plot a locus of the position. 

In (d), it is generally not possible to obtain a three-point fix, and other data are usually recorded 

by the hydrographer for plotting the position, such as an estimated distance from the high-water line, 

or-an estimated distance and direction from a control station. All such data should be plotted and 
used in conjunction with the dead reckoning in order to arrive at the most probable positions, bearing 

in mind that the distances are not measured distances, and that the general tendeney is to under- 

estimate distances over the water from a stationary position. (See also 335.) 

763. PLrorrinc R.A.R. Positions 

Radio Acoustic Ranging (R.A.R.) is a comparatively new method of control for 
hydrographic surveys. Notable changes have been made in recent years in the design 
of the equipment and in the field methods. “These are described in detail in chapter 6. 

Likewise, improvements have been made in the methods and procedure of plotting the 
smooth sheet. It is expected that these will continue, but at the present time the 
methods described herein are considered the most satisfactory and shall be used until 

other methods are proved preferable. 
R.A.R. positions are determined by the intersection of distance arcs whose centers 

“are the R.A.R. stations from which the bomb returns were received. Like the distance 

circles described in 7341 these arcs are plotted in units of time. Because of uncertainties 
inherent in the R.A.R. method, due principally to the lack of complete knowledge of 
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the path of the transmitted sound wave, other data obtained during the progress of 
such a survey must be appraised with the acoustic distances, and the most probable 

positions adopted. Such supplemental! data are sextant angles, bearings, and dead 
reckoning. 

To avoid confusion, too many positions should not be plotted at any one time before 

they have been analyzed and accepted (see 7637). In areas of systematic sounding lines 
not complicated by crosslines, or development, three or four lines may usually be 
plotted at one time, but in areas where previous lines have been plotted only a compara- 
tively few positions should be plotted before analysis. 

Numerous pencil notes are necessary to keep track of position numbers and other 
data. These must be placed directly on the smooth sheet, since this type of plotting 
is done without a sheet cover (see 761). A soft pencil should be used so that the marks 
may be easily and completely erased. 

7631. Plotting the Distance Arcs 

Before plotting is begun a small circular piece of heavy celluloid should be fastened 
over each R.A.R. station to protect the center from wear due to repeated use of the beam 
compass. The best adhesive is nonvulcanizing rubber cement, thinned by an approxi- 

mately equal amount of benzol or, as a substitute, benzine. The underside of the 
celluloid and the respective area on the smooth sheet are covered with a thin coat of 

s % © 

: i eee Cee 

cement and allowed to dry until 
sticky, after which the celluloid is 
pressed into place. Care should be 
taken to prick the point in the 

celluloid directly over the station 
hole. These protective celluloid 
pieces should not be confused with 

those described in 7341 for plotting 
the distance circles, which are 

fastened temporarily to the sheet. 

All R. A. R. positions must be 

plotted by means of their distance 
ares so that a study can be made of 
all the factors influencing the final 

positions. The distance arcs are 

plotted directly from the data in 
the Bomb Record (8311), in which FIGURE 160.—Plotting R.A.R. positions with Odessey protractor. 

the measured time intervals have (Position illustrated is Aisne aatRed ME IATIN A and 27.5 seconds 

been reduced to the plotting velocity 

of 1,460 meters per second (see 7341). The radii of the arcs are found on the smooth 

sheet by applying short increments or decrements of time to the plotted distance circles. 

Thus, the plotting radius for a 16.83-second time interval would be obtained by plotting 

the increment 1.83 seconds from the 15-second distance circle. To plot these increments 

or decrements on the sheet, three methods are available: 

Bs 

a. With Odessey R.A.R. protractor.—This device, the construction of which is described in 4537, 

consists of closely spaced concentric circles on a piece of transparent celluloid, the circles being spaced 

according to the plotting velocity, 1,460 meters per second, at the scale of the survey. When the device 

is placed on the sheet so that the circle corresponding to the time increment or decrement is tangent to 
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the proper distance circle, the center of the device will be a point on the distance arc required. The 

intersection of the two distance ares can be plotted in the same manner by making the appropriate 

concentric circles tangent to the two distance circles involved. ‘The center is then a point on both 

distance ares. There is no limit to the number of distance arcs that can be drawn with this device at 

any one position, although only two distance arcs can be used simultaneously. It is especially well 

suited for verification work. 

b. With dividers and scale.—In this method a special scale is used, similar to a metric scale, con- 

structed for the plotting velocity of 1,460 meters per second at the scale of the survey. The incre- 

ments or decrements are measured with dividers. One point of the dividers is set on the distance 

circle and, with the aid of a large celluloid triangle alined toward the station, the desired point is 

pricked along the alined edge. This method is slow because the increments or decrements must be 

plotted in an exact radial direction from the respective stations. 
c. With R.A.R. plotting scale—A long rule similar to an engineer scale is used, with scales 

graduated in seconds for the plotting velocity of 1,460 meters per second at various survey scales 

(see 4828). The rule is long enough to be alined with the station by eye, the desired point being 

pricked directly along the edge of the graduated scale. If such a scale is not available a substitute can 

be made on a long narrow piece of celluloid graduated in seconds, with 1 or 2 seconds at one end divided 

into tenths of seconds, the hundredths being estimated. 

After the points for the distance arcs have been pricked on the smooth sheet, short 

pencil arcs are drawn through them with a beam compass set at the approximate plotted 
positions of the respective stations. These pencil lines should be short, just long enough 
to ensure their intersection with the sounding line. For drawing distance arcs of 
various radii, it is convenient to use two sets of beam compasses, one with a long beam 
and the other with a short beam, to avoid having to shift the fixtures an excessive 

amount. 

Where two R.A.R. stations comparatively close to one another have been used, dis- 
tance circles are drawn from only one (see 7341). To plot an are from the station for 

which no circles have been drawn, the increment or decrement is measured from the 
distance circle plotted on the sheet. The total distance from this pricked point to the 
true center of the distance circles is set on the beam compass, but the distance arc 
must be drawn from the R.A.R. station from which the bomb return was received. 

In this case the point of the beam compass must be centered exactly at each station. © 

7632. Plotting the Sextant Angles 

After the distance arcs have been plotted the sextant angles are plotted. Sextant 
positions can generally be plotted with a celluloid protractor since they are usually not 
far from the buoy stations. Single angles are often obtained at R.A.R. positions and 
the loci of these angles should be plotted, since the locus of each angle so obtained is 

in effect another distance arc which must be considered in the determination of the 

final position (see 7635). 
7633. Plotting the Bearings 

Bearings may be plotted by several methods. Parallel rulers may be used, but 
their undersurface should be covered with paper so that the metal will not soil the sheet. 
An inconvenience in their use is that the pieces of celluloid over the stations are fre- 
quently detached by the rulers. The best method of plotting bearings, which is suf- 
ficiently accurate, is by using the circular no-arm protractor (4539). When this instru- 

ment is used it is centered at the station and oriented by means of a short north-south 
line drawn through the station, the bearings being plotted directly without shifting the 
protractor. 
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7634, Adjustment of the Dead-Reckoning Plot 

After the distance ares and the other position data have been plotted in pencil and 
the dead reckoning for that part of the hydrography has been plotted on tracing paper 
(see 765), a study is made of the dead reckoning to fit it best to the distance arcs and 
the other position data. In areas comparatively close to the R.A.R. stations where 
most of the bomb distances are reliable, this study is a comparatively simple matter. 

But where the control is inadequate or unreliable, as is often the case in areas distant 
from the control stations, the adjustment may be difficult even for one with extensive 
experience in R.A.R. methods. Continued and determined study in such cases fre- 
quently yields results seemingly impossible of attainment when the first attempt at 
adjustment is made. 

The two positions which were used to determine the speed or log factor must 
not be given too much weight since it is always possible that one of these may be in 
error in spite of the fact that they were originally selected as being probably correct. 
It is to be noted that because these were used in determining the speed or log factor 
the dead-reckoning plot will fit them regardless of their actual accuracy of position. 

Occasionally a series of three R.A.R. distances is obtained from one station 
which is relatively close to the sounding line. If the true azimuth of the sounding line is 
accurately known, the dead reckoning may be fitted to these three arcs in the same 
manner it would be fitted to bow, beam, and quarter bearings. 

Where the dead-reckoning plot cannot be fitted satisfactorily to the position 
data, this is occasionally due to the use of an erroneous speed or log: factor, in which 

case the dead reckoning must be replotted. 
The outer ends of long offshore sounding lines are perhaps the most difficult to 

adjust. These are generally far distant from the control stations where the inter- 
sections of the distance arcs are weak at best and where, because of the extreme dis- 

tances, many of the bomb returns are unreliable. Where the line is in extremely deep 
water, as it generally is, there is an added uncertainty due to the incomplete knowledge 
of the path of the sound wave in such areas, and consequently the apparent velocity 
needed for plotting. Some of these dead-reckoning runs are 6 to 8 hours or more long, 
during which period a considerable change in the leeway may be caused by wind or 
weather, and a change in the direction of the current, if tidal, may be expected. There 

is never sufficient knowledge of the current on such an offshore line. 
Such offshore sounding loops must be adjusted to the last two or three positions 

on the offshore run that are believed to be reliable and the first two or three similarly 

reliable positions on the inshore run. The dead-reckoning plot is adjusted approxi- 
mately for azimuth to the reliable positions at the beginning of the line. The closing 
error at the end of the line is adjusted graphically, proportional to time, in the man- 
ner that a closed traverse is adjusted. This first adjustment is made on tracing paper. 
An additional adjustment is usually required to fit it to the R.A.R. data in order to 
give the distance arcs their appropriate weights. (See 3376 and 3378.) 

If there are crosslines in such an area as has been discussed in the preceding para- 

graph, a study of the boat sheet should be made to determine how well the respective 
lines have been controlled. The best-controlled line should be plotted first and the 
successive lines plotted in the order of the strength of their control. On each line the 
soundings at the crossings should be tentatively plotted and used as additional control 
data, the positions of the more poorly controlled lines being influenced by those that 

are better controlled. 
465382—44—_46 
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7635. Analysis of Data 

For analyzing the various data, it is not possible to prepare a table of relative 

weights to apply to the different situations that might arise. Experience is the best 

guide and much depends on the conditions prevailing at the time of the survey. All 
three-point sextant fixes should be considered precise locations until proved otherwise. 
The locus of one sextant angle should likewise be considered a fixed line of position 
unless proved erroneous. Bearings to near objects will generally be accurate. The 
acoustic returns from the nearest station will generally be found more reliable than 

those from more distant stations, except that consistently good returns may be received 
from certain stations while those from other stations may be just as consistently un- 

reliable. A position determined by a good intersection of three distance arcs may 

generally be accepted as a reliable position, but 1t must be remembered that an in- 
accurate velocity or other factors may cause the arcs to intersect at a position which 
is not the correct one. PF 

7636. Sources of Error in R.A.R. Positions 

Before the final positions are accepted, all conflicting data should be resolved, if 

possible. Such conflicts may be due to determinable errors, such as those arising in 
the plotting or in the reduction of the records, or they may be due to certain inde- 
terminable errors inherent in the method itself. The various sources of error may be 
grouped as follows: 

a. Scaling the chronograph tape.—A large error is sometimes made in identifying the signal offset 

on the tape. If this occurs at one position only of a series of positions, and for one distance arc, the 

error is generally recognizable, but where made at all of the positions of the series it is harder to 

detect. A large error in all of the time distances at one position is usually easily detected since the 

resultant ares plot with a large triangle of error and not in accord with the dead reckoning. An 

error of 1 second in reading the tape has been found in this manner. (See also 6853.) 

Errors are also sometimes made in scaling the initials on the chronograph tapes. Such an error 

is more difficult to detect for it may result in a comparatively small triangle of error that may appear 

to be caused by the use of an erroneous velocity of sound. Errors are occasionally made in marking 

the bomb return on the tape at the time it is received, especially if this occurs during excessive static 

conditions or other radio interference, when it is difficult to distinguish the bomb returns from the 

strays or false indications. In such cases a re-examination of the tape will sometimes disclose the 

correct return, but changes should not be made in the distances in the Bomb Record unless the correct 

bomb return can be identified on the tape with reasonable certainty. The above are a few of the 

reasons why the chronograph tapes must be available to the smooth-sheet plotter (see 6854). 

b. Plotting and reduction of records.—Errors in drawing the distance ares on the smooth sheet are 

not common. An error is occasionally made by plotting the time increment as a decrement from the 

next larger distance circle or vice versa, where the position falls approximately midway between them. 

A distance arc may be plotted occasionally from the wrong station. Mathematical errors are some- 

times made in converting actual elapsed times to those used in plotting. For this reason, where 

certain distance ares appear doubtful, the mathematical conversions should be rechecked in the 

Bomb Record. (See 8311.) . 

c. The use of an erroneous velocity of sound.—These cases are not uncommon and they are particu- 

larly difficult to detect since an incorrect velocity will proportionally enlarge or reduce the distances 

from all stations, and the distance ares will still plot with a very small triangle of error. In analyzing 

such cases it should be remembered that the correct position will be inside the triangle of error only 

where the stations are arranged in a triangle around it. A change in velocity will probably alter the 

distances to all stations proportionally. Therefore, in case of an error in velocity the correct position 

will be distant from each plotted are an amount proportional to the distance of each are from its 

respective station. 
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Bea rors inherent in the R.A.R. method.—There are certain inherent errors in the R.A.R. method 

of control of which little is known at present. One of these is that the time interval for an R.A.R. 

distance from a nearby control station is apparently shorter than it should be. The cause of this 

and the distance at which the effect ceases to exist are not definitely established, but it has been 

detected in distances up to 7 or 8 seconds from a station. 

Another error, the cause of which is unknown, occurs on lines far distant from the control stations 

where, with the same sized bomb, the time intervals apparently lengthen slightly more than they 

should as the survey ship proceeds away from the stations. In such eases, if a change is made to a 

larger bomb, the excess time distance is apparently reduced. And just the opposite effect is noted 

when the ship is heading toward the control stations from far offshore. 

Since neither the cause nor the magnitude of these errors is known, there is no way of compensating 

for them. Further experiments in the field may disclose a solution to these and other problems. 

e. Errors in bearings.—Bearings are only accurate where they are observed to comparatively close 

objects. In general, those observed to an object not more than 4 miles away may be considered 

reliable, but some of these and all of those taken at greater distances should be used with caution. 

7637. Accepting and Inking Positions 

After the analysis has disclosed which distance ares and position data are reliable 
and to be used, the exact fitting of the dead reckoning to them and the pricking of the 
finally accepted positions should be accomplished. The dead-reckoning plot will 

seldom fit all of the accepted position data exactly. As one position after another is 
finally decided upon and pricked, it is necessary to shift the dead-reckoning plot small 
amounts to adjust it to the successively accepted positions. 

As the positions are accepted on a given sounding line, the distance ares shall be 

inked or left in pencil according to the following rules: 

(1) All ares that are 3 mm or more distant from the accepted position are temporarily questioned 

and the reduction and plotting are rechecked. If no errors are found and the arcs are not used in deter- 

mining the R.A.R. position, they are left in pencil on the smooth sheet and the values are marked 

“R”’ in the Bomb Record to indicate that they have been rejected. 

(2) All ares within 3 mm of the accepted position that did not influence the location of the position 

are inked on the sheet but are marked with a question mark (?) in the Bomb Record. 

(3) All ares, regardless of their distances from the accepted position, which have inflwenced the 

location of the position are inked on the smooth sheet. 

After the accepted positions have been pricked on the smooth sheet they should 

be inked and numbered (see 7681) and the distance arcs inked. 

For purposes of identification the distance arcs from each R.A.R. station should 
be inked in a distinctive color. The preferable colors in the order listed are carmine, 
brown, green, purple, and blue. Where there are more than five R.A.R. stations on 

one sheet a repetition of colors is necessary. Confusion will be avoided from such dupli- 
cation if a study is first made of the returns received from the various stations. The 
assignment of colors should be made by one familiar with the actual field operations of 
that particular survey. Distance arcs should be inked with an over-all length of 6 or 
7 mm, interrupted at the position dot and leaving a space in which to pencil the sound- 

ing. Ares that do not pass through or too near the position may be inked as short 
continuous lines. 

Bearings should be inked as fine black lines, as above, but slightly longer. 
After the positions on a sounding line have been inked, the area covered by the line 

should be cleaned with a soft art gum eraser before connecting the positions. In this 
the dead reckoning must be used as a guide for changes in course which occurred be- 
tween positions. 
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764. PLtotrinc AstTronomic PostItTIons 

Beyond the limit of the usual control, sounding lines are controlled by dead reckon- 
ing and astronomie sights. The only data for location of the sounding lines and the 
positions are the astronomic sights and the carefully recorded dead reckoning. It is 

usual, when practicable, to observe a series of star sights at 

dawn and dusk to give positions at these two times. At 
other times, single astronomic sights, usually sun sights, are 

taken and these must be used in conjunction with the dead 
reckoning. (See also 337 and 338.) 

In plotting a smooth sheet controlled by astronomic 
sights, the positions are usually computed and determined 
on separate records and it is only necessary to plot the most 
probable positions as determined by the hydrographer. 
These positions may be considered as fixed positions, a note 

Noon SUN sicxT WHE Heine placed on the smooth sheet explaining their determi- 

ee A nation, such as “star sights’’ (see 3387). Each intermediate 

ADJUSTMENT single sight must be plotted as a line of position, accompanied 
by a legend indicating the astronomic body observed and 
the initials of the observer (see 3383). Where all of the 

astronomic sights between two positions fixed by star sights, 
have been plotted on the smooth sheet, the dead reckoning 

between the star sights must be carefully plotted, either on 
the smooth sheet itself or on a piece of tracing paper, and 

adjusted to the two end positions and the intermediate 
sights, taking all circumstances into consideration in order 
to arrive at the most probable location of the entire line. 

pies eb Sew eet cen oe ‘d- This type of work can be plotted only by one thoroughly 
familiar with ship hydrography, navigation, and the probable 

errors that enter into dead reckoning and astronomic sights. (See 3384.) 
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765. PLoTTinc THE DEAD RECKONING 

Dead reckoning may be plotted in various ways depending on the accuracy of the 
hydrographic survey and the purpose for which the dead-reckoning plot is to be used. 

(See also 337.) 
Where dead reckoning is used alone or in conjunction with astronomic control, 

since comparatively few changes in course are made, it is generally satisfactory to plot 
it lightly in pencil directly on the smooth sheet and make an adjustment similar to a 
traverse adjustment. Where dead reckoning is used in conjunction with R.A.R. control 
it is almost always preferable to plot it on tracing paper so that it can be adjusted to 
the other control data. For such purpose a good grade of comparatively thick tracing 
paper should be used; Keuffel and Esser Ionic No. 197-H is recommended. This might 

at first appear too thick and opaque but actually it is sufficiently transparent and 

otherwise very satisfactory. 
Several steps in the plotting are similar, regardless of the purpose for which it is 

to be used. Where the dead-reckoning line is long and it is plotted directly on the 
smooth sheet, the direction of each course should be determined by reference to the 



Pace 709 THE SMOOTH SHEET 7651 

nearest meridian. Where the line is short, changes in course may be plotted by their 
angular differences, disregarding their true azimuths. 

7651. Determination of the Speed or the Log Factor 

For the plot of a section of dead reckoning the first step is the determination of the 

speed of the ship or the log factor, if log distances are used. For this it is necessary to 
select two well-fixed positions between which only minor changes in course have been 
made. The actual distance over the ground between these two positions is compared 
with either the log distance or the time run, in order to obtain a log factor or a speed 
with which the dead reckoning is plotted. In hydrography controlled by R.A.R. 
methods it is sometimes difficult to select accurately fixed positions. A good inter- 
section of three distance arcs may usually be depended on as an accurate position, if 
it is verified by the course and distance between it and an adjacent good position. 
The speed or log factor should be determined from a comparatively long distance but 
it must be remembered that speed and log factors differ with different directions of the 

sounding line. A different speed or log factor must be determined after each major 
change in direction. (See also 4826 and 4827.) 

7652. Dead Reckoning in Conjunction With R.A.R. 

Since there are still numerous uncertainties in the R.A.R. method of control, it is 
frequently necessary to use a dead-reckoning plot in conjunction with the other data 
to determine the most probable positions. There are two general cases where this is 

necessary ; first, in areas very close to the control, where for some reason or other the 

R.A.R. data are inadequate; and second, on the outer ends of long lines distant from 
the R.A.R. stations where few, if any, R.A.R. returns are obtained. The dead-reckon- 

ing plot is made from the data in the Sounding Record supplemented and checked by 
the R.A.R. abstracts. Where the dead reckoning is plotted by log distances, the use 
of the R.A.R. abstracts is necessary because only on this form are the log intervals 
determined. (See also 7634.) 

Dead-reckoning plots are not necessary in connection with all R.A.R. surveys. 
In areas where the positions are controlled by three R.A.R. distances which plot con- 
sistently with good intersections: the dead-reckoning plots are unnecessary. On the 
other hand, where the R.A.R. returns are not consistently and accurately received for 
any reason whatsoever, the control data should always be supplemented by the dead- 
reckoning plot; for example, dead-reckoning plots should always be used in plotting the 
outer ends of offshore sounding lines. It is good training for an inexperienced person 
to plot the dead reckoning of all of the lines controlled by R.A.R. The dead-reckoning 
plots may also be advantageously used by the supervising officer in verifying the work 
of a new employee. 

7653. Plotting a Dead-Reckoning Line 

There are several methods by which dead reckoning may be plotted, the choice 
between which depends on the amount which is to be done. Parallel rulers may be 
used. With them the successive courses may be plotted with reference to a meridian 
line or by the small angular differences between the courses. A circular no-arm 
protractor may be used. This is considered a better method than the use of the 

parallel rulers. In this method each successive course is plotted in azimuth relative 
to the previous course. 
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A special compass rose has been found advantageous for making R.A.R. dead- 
reckoning plots. This is a partial rose about 16 inches in diameter on heavy paper. 
Each single degree is drawn for about 15° or 20° on each side of a central line extending 
the length of the paper, and numbered according to its angular distance from the central 

line. To use this rose a mean course or an approximate direction of the line is assumed 

with respect to which the successive courses are plotted by differences in degrees. The 
tracing paper on which the dead-reckoning plot is to be made is placed over the compass 
rose and weighted down. The successive courses are then plotted on the tracing with 
reference to the compass rose by the use of two triangles to transfer each direction to 
the position from which it is to be plotted. In using this special rose it is best to assume 
an average course of an even 5°. 

Dead reckoning may be plotted by log distances or by time. Each method may be 
preferred under different conditions. If the r.p.m.’s of the engine are reasonably con- 
stant and if a careful record of the time has been kept in the Sounding Record, the use 
of time alone is believed preferable since this eliminates the necessity of computing 
and checking the log intervals and generally simplifies the work. Log distances are 
probably slightly more accurate and should be used for all comparatively long dead- 

reckoning plots. This is only true, however, if the log is an accurate one and the survey 
is made in waters where there is no floating debris to become attached to the log rotator 
or log line. 

Except on the outer ends of offshore dead-reckoning lines, U-turns (where the 

direction of the line changes 90° and soon thereafter another 90° in order to put the 
ship on an adjacent parallel line) are not plotted unless they are necessary to fill a 
holiday -in the surveyed area. The recorded data are rarely adequate to plot such 

turns satisfactorily, unless a fixed position has been obtained between the two 90° 
turns. Where it is necessary to plot a 90° turn and other evidence is lacking, approx- 
imately two-thirds of the distance around the turn should be added to the previous 
course and one-third of the distance to the new course. (See 3454.) 

During the survey the ship occasionally gets so far off line that an S-turn is re- 
quired to get back on the original line. It is particularly difficult to plot the dead 
reckoning of these turns because sufficient data relative to them are rarely recorded. 
The data needed are the times the vessel begins to turn after each order to change 

course, the time the vessel is steadied on the new course, and the course and time 

steered on the intermediate course. (See 3464.) 

Each completed dead-reckoning plot should be the best possible graphic repre- 

sentation of relative courses and distances between fixed positions. Several dead- 
reckoning plots may be included on one sheet of tracing paper but each one should be 

properly identified. In order to avoid confusion not more than one day’s hydrography 

should be included on one sheet. The plot should be made neatly and accurately and 

marked for subsequent easy identification. 
All sheets of tracing paper containing dead-reckoning plots shall be transmitted 

to the Washington Office for use in connection with the verification of the survey, 

after which they are destroyed. 

766. DreTACHED PosITIONS 

The detached positions in the Sounding Record are of the utmost importance, 

since they are usually taken to locate rocks, floating aids to navigation, least depths on 
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shoals, or other dangers or features of importance. They must, therefore, be plotted 

with extreme care. The plotting of positions on a continuous line of soundings is 
automatically checked to a certain degree by the dead reckoning. There is no such 
check on detached positions. The survey requirement for important detached positions 
is that a third, or check, angle shall be taken at such positions. In plotting the smooth 
sheet this check angle must always be used by the plotter to verify the correctness of 

his protracting. The fact that this has been done must be indicated in the Sounding 
Record by a colored pencil checkmark placed after the third or check angle. 

767. Use or Boat SHEET IN SmMooTH PLOTTING 

7671. Comparison With Boat Sheet 

During the protracting of the smooth sheet, constant reference should be made 

to the boat sheet, as a check on the smooth plotting. Generally, a visual comparison 
is sufficient, but where difficulty in plotting is encountered or where numerous errors 

are found in the recorded data, it is sometimes advisable to trace from the boat sheet 

the positions of an entire line for comparison with the smooth plotting. Where a dis- 
crepancy between the two is noted, it must be investigated. Such discrepancies may 
arise from errors in the smooth plotting; from errors in the boat-sheet plotting; or from 

errors in the recorded data. In determining the position most probably correct, 
several facts must be kept constantly in mind, the most important of which is that the 

boat-sheet position is usually plotted independently of the recorded data. The plotter, 
himself, has usually observed one of the angles and knows which signals he used. The 
other angle he obtains orally from the other angleman. Furthermore, the officer-in- 
charge knows what he is trying to do and-where the most probable position of the vessel 

should be, irrespective of where the recorded data place the position. It frequently 
happens, either intentionally or unintentionally, that an angle is measured to a different 

signal from that previously used, but in the haste to plot the position, the change of 
signal is not reported or is not entered in the Record when it is reported. (See also 

3211.) 
Frequently when some error has been made in the observed data, such as an 

angle observed on a wrong signal or an error in reading the sextant, the boat-sheet 

plotter may not have sufficient time to determine what this error is. He plots the 

position as best he can, and may instruct the recorder to question either the entire 

fix or a part of it. The smooth plotter should study such cases. With a little patience 
he can often determine what the most probable error is, and can make the necessary 

correction to the recorded data. Such corrections must be made with a colored pencil 

(see 7741). 

7672. Positions From Boat Sheet 

There are cases in hydrographic surveys where it is impossible to obtain a three- 
point fix or other position data. This frequently happens in narrow winding channels 
and sloughs. The hydrographer, in such cases, spots his position on the boat sheet from 
the adjacent features of the shoreline and from his sense of dead reckoning. The 
smooth plotter should transfer such positions to the smooth sheet and note that fact 
in the Sounding Record with his colored pencil. In addition, he should transfer the 

curved connecting lines between positions, which in narrow channels usually conform 
to the bends in the shoreline, it being impossible to run a straight course between 
positions. (See 3252 and 3352.) 
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There are occasional cases where position data, although recorded, are so erroneous 
that they obviously cannot be used. In such cases the smooth plotter’s last recourse 
is the boat sheet. Often by placing the center of the protractor on the boat-sheet 
position and trying various combinations of angles and signals, he will be able to de- 
termine what the recorded data should have been. 

768. IDENTIFICATION OF POSITIONS 

Each hydrographic position, regardless of the method used in plotting, shall be 

marked on the smooth sheet by a small prick hole and identified by the position number, 
the prick hole being accentuated by a fine ink dot of the same color as the position 
number and day letter (see 7681). At the beginning and end of each line, at every 

- intermediate fifth position, and at any pronounced change in the direction of the line, 

the position number shall be accompanied by the day letter. 

7681. Position Numbers and Day Letters 

Beginning with number 1, consecutive numbers are assigned to positions during 

each day, and each day’s field work by each vessel is identified by a day letter (see 
3311 and 3312). The day letters inked on the smooth sheet must correspond in color 
and case with the entries in the Sounding Record, and the position numbers must corres- 
pond in number with the entries in the Sounding Record, and in color with the day letters. 
The colors to be used for this purpose are blue, purple, green, and red, preference being 
given in that order for the predominant color on a sheet. The use of black and yellow 
is forbidden (see 8121). A contrast is desirable between two colors used for this pur- 

pose on the same sheet. 
Position numbers and day letters are usually inked as each sounding line or page 

of the Sounding Record is protracted. This is generally often enough to avoid errors. 
In congested areas, it is sometimes convenient to connect the prick holes representing | 
the positions with pencil lines on the overlay tracing, to assist in their subsequent identi- 

fication on the smooth sheet. 
The position number must be so small that it can never be confused with a sound- 

ing, and yet should be large enough so that it can ordinarily be read without a magnify- 
ing glass. Vertical figures and letters shall be used, and these shall ordinarily not exceed 

1 mm in height. In open areas, where the soundings will be inked larger than average, 
the position numbers and day letters may also be slightly larger than the average, while 
in areas of close development, where the soundings will have to be inked smaller than 
average, the position numbers and day letters should be somewhat smaller than average 

(see 7732 and fig. 163). 
Because of their small size, considerable care should be taken in inking the 

position numbers and day letters, and in their placement on the sheet. Their purpose 

is to permit ready comparison of the plotted data with the Sounding Record, and if 
legibility makes this difficult, the purpose is defeated. ‘ 

The position number should be placed preferably just below and to the right of the 
position dot, with enough space left for the entry of the sounding so that when the latter 
is inked the position number will be close to, but just below and to the right of it, con- 
sideration being given to the size of the sounding to be inked at the position. (See also 

7762.) 
In congested areas, and especially in those areas in which considerable development 

has been done, it is usually advisable not to ink the position numbers and day letters 
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until after the soundings have been penciled, and certainly they must not be inked in a 
given area until after all of the positions have been plotted in that area, in order that 
they may be so placed as not to conflict with the suundings on other lines. Under any 
circumstances the placement of the position numbers and day letters must indicate in- 
dubitably the positions to which they refer. This may be accomplished where necessary 
by the use of fine inked arrows or leaders from the position number to the position dot, 
using the same color as for the number. 

7682. Connecting Positions 

Successive positions shall be connected by a pencil line using a well-sharpened 
3H or 4H pencil with a round point—not a chisel edge (see 724). Care must be taken 
not to engrave this line in the surface of the paper. 

The connecting lines represent the path of the survey vessel, otal in drawing them 
on the smooth sheet the path should be assimilated so far as resell Both the boat 
sheet and the entries in the Sounding Record as to changes in course should be used as 
a guide. Instructions for the field survey require that a position be taken at each change 
in course greater than 10° (see 3463). However, it is frequently necessary to make 
changes in course between positions, which are large enough to affect the locations of 
the soundings between the positions. Changes in course of 1° or 2° between positions 

may be disregarded in the plotting and the consecutive positions connected by a straight 
line, but for greater changes the positions should be connected by lines which follow 
the actual track of the vessel. 

Changes in course are not always effective at the time of the order to change. 
This depends on the momentum of the vessel. In a launch the effect is almost immedi- 

ate, while in the larger vessels, some time elapses before the change becomes effective. 
This fact together with a knowledge of the turning radius of the vessel will determine 

its path. 
Each vessel has its own turning radius, being proportionately larger as the size of 

the vessel increases. When better information relative to the turning radius is lacking, 
it may be assumed to be, as a general rule, zero for outboard motor boats, 15 meters for 

the smaller launches, and 150 meters for the smaller vessels. For the larger ships, unless 
there is evidence to the contrary, turns should be plotted on the assumption that, after 
a position, the vessel maintains the original course for twice the distance it is on the 

new course before the next position is taken (see 3463). If soundings on turns are to be 
inked on the smooth sheet, the greatest care must be taken in correctly representing 

the turns. This is particularly true in the case of right-angled and 180° turns. However, 
where no soundings have been recorded, only the approximate path need be indicated. 

Minor changes in course are frequently made by the hydrographer after a position 
has been plotted on the boat sheet and it is learned what change is necessary. Obviously 
such changes occur some little distance past the position, although the recorded data 
may not so indicate. In such cases, if no change in course has occurred between the 

two immediately preceding positions nor between the two succeeding positions, the 
connecting lines between these may be extended forward and backward and their inter- 
section will usually represent the point where the change in course was effective. 

In narrow winding channels and rivers and sometimes on the inshore line along a 
rugged coast, it is impracticable to take a position at every turn, since the sounding 

lines must follow the bends in the shoreline. In such cases the connecting lines must 
be transferred from the boat sheet, on which the hydrographer will have indicated the 

correct track. (See 3352.) 
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769. PLorrinc SUPPLEMENTAL DaTA 

It is frequently impossible or impracticable to determine the positions of rocks 

awash, dangerous wrecks, floating aids to navigation, etc., by three-point fixes, or 

other means described above in section 76. In areas where the general hydrography is 
controlled by three-point sextant fixes, such objects are usually cut in (see 7415). In 
this method of location, cuts may be taken from known shore positions, but more fre- 

quently they are obtained during the hydrographic survey by a third observer, who 
takes a sextant angle to the object simultaneously as the angles for position are being 
observed. These extra, or third, angles are recorded in the Sounding Record with the 

position at which they were taken, and the object cut in is described. Three or more 
cuts from different positions, which will give an adequate angle of intersection, are 
usually taken to each object. 

As the smooth plotting proceeds, these cuts must also be plotted. The boat sheet 
should be used as a guide for the approximate locations of the objects cut in. 

Such cuts rarely result in a perfect intersection and a judicious interpretation of 
the data is necessary to determine the most probable position of the object. The 
distance of the object from the vessel, the inherent strength of the position fix, and 

the size of the angle of the cut must all be taken into consideration. So far as un- 

certainties in the position fix are concerned, the smaller the angle of the cut the less 
will be the effect on it due to slight inaccuracies in the fix, especially when the object 

cut in is at the same approximate distance as the stations used for the fix. 
If the object being located is a floating aid to navigation, the direction of the 

current at each observation should be considered. 

Where many cuts have been taken to different objects in an area, it is frequently 
extremely difficult to be certain which cuts were taken to identical objects, and a 
careful study of all the facts and data is necessary to avoid the possibility of confusion 
of cuts. 

77. SOUNDINGS AND DEPTH CURVES 

The soundings are the most important part of a hydrographic survey, and the 
greatest care must be taken in putting them on the smooth sheet. They must be clear 
and legible and, in general, a magnifying glass should not be required to read them. 
The smooth plotter must always bear in mind that an illegible sounding erroneously 

transferred to a published chart may possibly result in loss of life and property. The 

fact that the work is verified before publication does not relieve the plotter from exer- 
cising care in the first instance. 

All soundings are penciled on the smooth sheet in the field. Under no cireum- 
stances are they to be inked by the field party. This is accomplished only after veri- 

fication in the Washington Office. 

771. Depta UNtItTs 

Only one depth unit (fathoms or feet) shall be used on each hydrographic survey 

sheet. The depth unit to be used will depend on the general region (in which ocean 
the survey is located), on the specific locality, and on the unit used on existing charts. 

7711. Depth Unit in the Atlantic Ocean 

The depth unit of surveys in the Atlantic Ocean and bodies of water tributary 
thereto shall be integral feet (and occasionally to the nearest half-foot), except— 
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(a) For those offshore surveys which are entirely beyond the limits of charts whose depth unit 

is feet; in which case the depth unit of the survey shall be fathoms. 

7712. Depth Unit in the Pacific Ocean 

The depth unit of surveys in the Pacific Ocean and bodies of water tributary 
thereto shall be fathoms (and decimals), except— 

(a) Where the major part of a hydrographic sheet is within the limits of a chart whose depths 

are in feet, that smooth sheet shall be plotted in feet. 

(b) That the survey adjacent to the shoreline shall be in feet when the sheets can be arranged, 

without duplication, so that nearly all of the reduced depths on the inshore sheet are less than 25 

fathoms. 

7713. Fractional Foot Units 

On a hydrographic sheet whose depth unit is feet, the depths shall be in integral 
eet, except in e following cases, where they sha de SHOWN to the nearest Nall-foot: feet, except in the following , where they shall be shown to tl t half-foot 

(a) At important points on navigable bars. 

(b) At critical places in channels of a general depth of 42 feet or less. 

(c) The least depth on important shoals, rocks, and dangers when less than 42 feet. 

(d) In shallow enclosed waters and inside routes. 

(e) On both sides of the low-water line (see 7715). 

(f) Where necessary or desirable to define the depth curves better (see 7762). 

7714. Decimal Fathom Units 

On a hydrographic sheet whose depth unit is fathoms, soundings shall be plotted 
as follows: less than 11 fathoms in fathoms and tenths, between 11 and 31 fathoms to 

the nearest half-fathom, and greater than 31 fathoms in mtegral fathoms, except — 

Where the bottom is smooth and the slope gentle (as in parts of the Gulf of Mexico, the Atlantic 

Continental Shelf, and the Bering Sea), and a Dorsey Fathometer or instrument of equivalent accuracy 

is used, soundings less than 31 fathoms shall be in fathoms and tenths and between 31 and 101 fathoms 

to the nearest half-fathom. 

7715. Minus Soundings 

Soundings that reduce to heights above the sounding datum (plane of reference) 

are termed minus soundings, since ordinary soundings are depths below the sounding 

datum and are considered positive numbers. Minus soundings are shown on the 
smooth sheet preceded by a minus sign (see 7735) and should fall inshore of the low- 

water line, such areas being bare at the sounding datum. 
In order that the location of the low-water line may be more precisely delineated 

on the smooth sheet, the soundings in the vicinity of the line should be plotted to the 

nearest half-foot (see 7713(e)), extreme care being taken to accompany them with the 

correct sign. 
7716. Conversion of Depth Units 

The corrected depths in the “Reduced soundings” column of the Sounding Record 

from which the smooth sheet is plotted are either in (a) integral feet. (6) feet and deci- 

mals, (c) integral fathoms, or (d) fathoms and decimals. The double depth unit of 

fathoms and feet is no longer used. 
Although the corrected depths in the Sounding Record may change from one unit 

to another within the area of a survey or within the same Sounding Record, they are all 
finally reduced to the unit to be used on the hydrographic smooth sheet (see 823). 
Only one unit (fathoms or feet) shall be used on any one smooth sheet. Fractions or 
decimals of the same unit may of course be used. 
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A. SMOOTH-SHEET SOUNDINGS 

Where the depth unit on a hydrographic smooth sheet is feet, all soundings are in 
ntegral feet (and occasionally half feet). Where the depth unit is fathoms, all soundings 
are in integral fathoms or fathoms and decimals. To accomplish this a conversion 
from the unit of the depths in the Sounding Records is frequently necessary. This 
shall be done in accordance with the following rules which are also illustrated in figure 
162: 

(1) Where the same depth unit is used on the smooth sheet as in the Sounding Record, but in 

integers on the sheet, any partial units shall be converted into whole units by changing 0.75 or more 

into the next greater integral unit, and changing decimals below 0.75 into the next lesser integral 

unit (e. g., 2.75 to 3.75 feet=3 feet; 12.75 to 13.75 fathoms=13 fathoms). 

(2) Where as in (1) the depth unit is the same but the soundings are to be plotted in fathoms and 

tenths, partial units shall be converted by changing 0.075 or more into the next greater decimal unit, 

and less than 0.075 into the next lesser unit (e. g., 2.575 to 2.675=2.6 fathoms). 

(3) Where as in (1) the depth unit is the same but the soundings are to be plotted in half units, 

then 0.25 to 0.75 shall become %, and 0.75 to 1.25 shall become 1 (e. g., 3.25 to 3.75 feet=3¥ feet; 
3.75 to 4.25 feet=4 feet). 

(4) Where the reduced soundings in the Sounding Record are in a different unit from that to be 

used on the smooth sheet, they shall first be converted to their equivalent values in the smooth-sheet 

unit and then apply rule (1) or (2), as the case may require to obtain the values for plotting. 

Table 26 illustrates the application of these rules: 

TABLE 26.—Conversion of reduced sounding values to smooth-sheet values 

Reduced soundings in To be plotted on Reduced soundings in To be plotted on 
Sounding Record smooth sheet in Sounding Record smooth sheet in | 

Feet Fathoms Feet Fathoms Feet Fathoms 
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B. CHARTED SOUNDINGS 

The soundings on the published nautical charts are either in (a) integral feet, (6) 
integral fathoms, (c) fathoms and half fathoms, or (d) fathoms and quarter fathoms ;— 

but, these charted soundings are from smooth sheets on which the soundings may appear 
in (a) integral feet, (b) feet and half feet, (c) integral fathoms, or (d) fathoms and tenths 

of fathoms. . 
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FIGURE 162.—Reduced sounding equivalents for smooth sheet and chart. 
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It is obvious that it may be necessary to convert from the unit on the smooth sheet 

to another unit for charting purposes and this shall be done in accordance with the fol- 

lowing rules (see also fig. 162): 

(1) Where the charted soundings are to be in the same integral unit used on the smooth sheet the 

soundings shall be transferred without change. 
(2) Where a sounding in feet on the smooth sheet includes a fraction, the fraction shall be omitted 

in charting (e. g. 8% feet=8 feet). 
(3) Where the soundings on the smooth sheet are in integral feet and are to be charted in fathoms 

and quarters, fathoms and half fathoms, or integral fathoms, the odd feet shall be converted as follows: 

sos arets To be charted in 

Feet Quarter fathoms Half fathoms Integral fathoms 

1 0 0 

2 Y M4 0 
3 Y My 0 
4 \ % 0 
Sie 34 1 1 

(4) Where the soundings on the smooth sheet are in fathoms and tenths and ave to be charted 

in integral feet, integral fathoms, fathoms and quarters, or fathoms and half fathoms, the decimals of 

fathoms shall be converted as follows: 

Soundings on 
smooth sheet To be charted in 

Fathoms Integral f eet Quarter fathoms Half fathoms Integral fathoms 

0.1 0 0 0 0 
0.2 1 0 0 0 
0.3 2 Vy 0 0 

Ore 2 Vs % 0 
0.5 3 Mh i 0 
0.6 3 My Y% 0 

0.8 5 ¥ My 1 
0.9 5 %4 1 1 

172. PLOTTING THE SOUNDINGS 

To avoid soiling the smooth sheet during the penciling or inking of the soundings, 

it should be kept completely covered, except for the small area actually being worked 
on. A convenient method is to use a large piece of celluloid about 24 feet square with 

a circular. hole, 3 to 4 inches in diameter, cut in its center, the celluloid being moved 
around as necessary during the work. Paper can be used instead of celluloid, but cellu- 
loid has the advantage of permitting the work to be seen through it. Other parts of 
the sheet can be kept covered with convenient sized pieces of obsolete charts or wrap- 

ping paper. (See 731.) 3 
The plotting of the soundings on the smooth sheet follows generally the same pro- 

cedure used in plotting the positions; that is, the plotter usually begins with position 
1 of ‘‘A” day and plots the soundings in the order in which they were actually taken 
in the field. This procedure is, of course, not a requirement, and it may be advanta- 

geous to depart from it in special cases. 
All soundings that are penciled or inked on the smooth sheet shall be spaced ac- 

cording to the recorded time, or the travel of the paper in the case of fathograms, 

and spacing dividers (see 4813) shall always be used for this purpose. ‘No deviation 
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from the recorded times shall be made for the purpose of improving crossings, or for 
other reasons, unless other data prove that the recorded times are in error. Such 
errors usually occur only in the hours or minutes, and if the interval between positions 
is relatively short, as it usually is in three-point fix hydrography, an error in the min- 

utes is easily detected. 
Where the depths between positions are uniform, a slight displacement in the 

positions of the soundings is immaterial, and no appreciable time should be expended 
in obtaining precise spacing. In irregular depths, however, the spacing as recorded 
must be closely followed. 

All soundings must be plotted on the pencil lines connecting consecutive positions 
(see 7682). 2 

Where soundings fall close to control stations in the water area, care must be taken 
that the soundings do not obscure the actual station points. In general, in unim- 
portant areas of uniform bottom, soundings should not be shown inside a station 
symbol. But there should be no hesitancy to break the station symbol to show an 
important sounding. 

7721. Spacing Three-Point Fix Hydrography 

In three-point fix hydrography positions are usually taken at regular intervals 
and at even minutes of time (see 3313). This simplifies the plotting of the soundings 

between positions. If the soundings are taken at uniform intervals, as is generally the 
case in handlead work, the spacing dividers are used to subdivide the distance between 

positions into the required number of spaces, and the soundings are plotted. If the 
sounding interval is not uniform, the soundings must be plotted according to their 

respective times. Insuch cases the spacing dividers are used as a time-measuring device. 
(See 343 and 4813.) 

When the speed of the vessel is changed materially between positions it must be 
taken into account in spacing the soundings. ‘This is particularly important in launch 
and small-boat hydrography at the beginning of lines near the beach, where the launch 
or boat starts from a standstill or slow speed, increasing to full speed soon there- 

after. A similar allowance is often necessary near the end of a sounding line near 
the beach where the speed may be reduced as the launch approaches the shore. 

Occasionally, such changes are made far offshore; as for instance, when it is necessary 
to slow down to avoid collision with a passing vessel. Because of momentum, of 

course, the increased or decreased speed is effective only gradually after the time noted 
in the Sounding Record. (See also 3461.) 

7722. Spacing R.A.R. Hydrography 

In R.A.R. hydrography, positions do not necessarily coincide with even minutes 

of time, and as the soundings are recorded according to time intervals there will not 
always be a sounding on the position; neither can the soundings be spaced evenly 
from position to position. In using the spacing dividers the points must be set accord- 
ing to time, starting with the mimute immediately preceding or following any R.A.R. 
position which does not occur at an even minute (see 4813). Otherwise, soundings 

controlled by R.A.R. are spaced in a manner similar to that used in other methods of 
control. 

a. Tabulation of crossings on R.A.R. sheets —Because of the relative weakness of 
R.A.R. control in certain areas a penciled tabulation of the depths at crossings shall 
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be made for each R.A.R. sheet and included in the Descriptive Report (see 842k). 
This will give some idea of the relative accuracy with which the hydrography has been 
controlled, if the depths are accurate. This tabulation can be most conveniently made 
as the soundings are plotted on the sheet. At each crossing the depth differences are 
computed and when these data are available for the entire sheet, percentages are com- 
puted which will give a reasonably fair idea of the accuracy with which, the survey has 

been controlled. 
7723. Spacing Echo Soundings 

Because of the possibility of obtaining an almost infinite number of soundings when 
the echo method is used, there are frequently more soundings recorded than can or 

should be shown on the smooth sheet. Echo soundings are spaced in the conventional 
manner, except that a certain percentage of those recorded will often have to be omitted 
from the smooth sheet. In echo sounding, soundings are frequently recorded at irregu- 
lar intervals, but these are usually more important than those recorded at regular 
intervals, because they define irregularities in the general slope of the bottom. (See 
3423.) 

Where soundings are penciled on the smooth sheet directly from a fathogram, clock 

time is not necessarily used to determine the spacing. The printed fathograms used on 
the 808 Fathometer contain equally spaced vertical ares, by which the spacing of the 
soundings may be determined. When a fathogram is used, the three-point fixes are 
often taken at the exact moment the stylus is marking on one of the vertical arcs, and 
irrespective of clock time, with the interval between positions being determined by the 
number of spaces between position arcs rather than by the number of minutes and 
seconds. When soundings from such a record are to be transferred to the smooth sheet, 
the spacing dividers should be adjusted between any two consecutive positions on the 
smooth sheet so that each divider point represents a vertical printed arc on the fatho- 
gram, if the scale permits. When this is done each divider point on the smooth sheet 

represents the position of the vessel when the sounding was recorded on one of the 
vertical arcs. In any case, the divider points should be adjusted to a definite relation 
with the printed arcs, rather than to the clock time, as is necessary for soundings 

recorded in a Sounding Record. Where three-point fixes have been obtained which 
did not coincide with one of the vertical ares, the method is similar except that fractional 
parts of the spaces between the position arcs must be considered in making the spacing 

divider adjustment on the smooth sheet in relation to the positions, so that each 
divider point will still represent a printed arc. . 

Mechanical spacing of soundings derived from a fathogram is not to be tolerated. 

Selection should be made as described in 7726, plotting the soundings on the smooth 
sheet in their correct positions between the points of the spacing dividers by reference 
to their positions between corresponding vertical ares on the fathogram. 

7724. Frequency of Soundings 

The scale of the smooth sheet and the sounding interval will ordinarily be’selected 
so as to permit all soundings recorded in the Sounding Record to be shown on the smooth 
sheet. The frequency of recorded soundings is, of course, greater in shallow than in 
deep water, and this may result in more soundings being recorded than can be shown 

on the smooth sheet. In this case selection is necessary (see 7725). 
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Where the appearance of the smooth sheet is the only criterion, the following rules 

may be used for general guidance, always bearig in mind that legibility and clearness 
are of prime consideration: 

(1) Where the horizontal axis of the numeral approximately parallels the direction of the sounding 

line, 1-digit numerals should be spaced about 7 to an inch, 2-digit numerals about 5 to an inch, and 

3-digit numerals about 4 to an inch. 

(2) Where the horizontal axis of the numeral! is approximately normal to the direction of the sound- 

ing line, the most satisfactory spacing is about 7 numerals to an inch. 

(3) Where numerous fractions, or decimals, are to be shown, these may be considered as equivalent 

in width to about one-half digit. 

In congested areas at least 50 percent more soundings can be legibly shown in the 
same space without undue confusion, if care is used (see 7732 and fig. 163). 

7725. Selection of Soundings 

Where all of the recorded soundings are not to be shown on the smooth sheet a care- 

ful selection must be made so that those shown will most nearly represent the actual 
bottom relief. In no case, except where the bottom is practically flat, shall a mere 
mechanical selection be used, as for instance the selection of alternate soundings. The 
sounding obtained on a fix should always be shown. Between fixes, where a selection 
is necessary, the general rule is that both the deepest and shoalest soundings must be 
shown, interspersed with as many other soundings as can be conveniently shown. It is 
absolutely essential that the final result show the least depth on shoals, the greatest and 
least depth in channels, all changes of slope, and those soundings which are essential to 
the correct delineation of the depth curves. 

In penciling soundings on the smooth sheet, it is essential that dangers and im- 
portant depths be not obscured by numerous soundings of lesser importance. As the 
progress of penciling reveals the important features it will frequently be found neces- 
sary to delete some of the plotted soundings to permit showing those of more import- 
ance. To assist in drawing attention to important features, such as rocks awash, 

sunken rocks, and least depths on shoals, frequent use shall be made of leaders pointing 
to these (see 7753). 

The low-water line is one of the most important depth curves on the smooth 
sheet, and it is essential that it be located as accurately as possible. All of the soundings 
that will aid in defining its location shall be shown in pencil on the smooth sheet. 
(See 754.) 

At crossings of sounding lines and occasionally where two parallel sounding lines 
approach one another closely, the soundings of one line will conflict in position with 
those of another line. In selecting the soundings in such cases, the same considerations 
must govern as in the case where all the soundings on one line cannot be shown. In 
general, the least depth should be selected. 

Where soundings have been taken over even mud or sand bottom and there is a 
plethora of soundings of approximately the same depth, it is unnecessary to show them 
with the frequency used for uneven bottom. In such cases they should be plotted 
with only about two-thirds the frequency stated in 7724. 

Recorded soundings that are not used in the smooth-sheet plotting should be 
marked “N.P.” in the Sounding Record, the notation being entered in color (see 7624) 

after the final reduced sounding. 
465382—44—_47 
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7726. Selection of Soundings From Fathogram 

Where the depths are recorded on a fathogram a different problem is presented. In 
this case, soundings are selected from a continuous profile of the bottom along the line 
traversed by the sounding vessel. The smooth plotter must have an appropriate spac- 
ing in mind at all times, but he must not select the soundings by any regular spacing. 
The soundings selected should, insofar as their frequency permits, present a numerical 
record that will approximate the graphic profile. In all cases the least depth of a rise in 
the bottom must be selected, and this must be followed and preceded by the greatest 
depths, where practicable, irrespective of any intermediate soundings. Likewise, the 
greatest depth of a depression in the bottom must be selected. In very irregular bottom 
the number of these to be shown will be regulated, of course, by the number of soundings 
that can be legibly shown on the smooth sheet in a given space. Intermediate sound- 
ings shall be selected which will best delineate the actual profile. 

773. PENCILING THE SOUNDINGS 

In penciling the soundings, the smooth plotter must use every effort to achieve 

clarity. Critical soundings should never be obscured by placing soundings of lesser 
importance too close to them. A pencil hard enough to prevent smudging should be 
used, but it must not be so hard as to indent or cut the surface of the paper. Generally, 
a 3H pencil will be found satisfactory, but this will depend on the humidity of the 
atmosphere at the time (see 724). 

As each day’s soundings are penciled the plotter shall enter his initials with a colored 

pencil in the appropriate space in Stamp No. 38, Processing, placed in the Sounding 
Record at the end of each day’s work (see fig. 183). 

7731. Style of Numerals 

The penciled soundings shall be bold vertical numerals, drawn with single strokes. 
Hair line or fancy lettermg must not be used. The beginner will usually experience 
some difficulty in penciling soundings neatly with even-sized numerals, but skill is 
easily acquired with a little practice. 

7732. ‘Size of Numerals 

Most of the numerals representing soundings should be about 2 mm in height. The 
size of the numerals, of course, should vary somewhat according to whether the sound- 
ings are sparse or congested in any given area. In areas where the soundings are 

sparse the size should be increased about 10 percent, and in congested areas should be 

reduced about 10 percent. Ordinarily, no sounding numeral should be less than 1.8 
mm in height, although even this limit may have to be lowered for areas in which the 

soundings would otherwise be illegible. The important things to remember are, first, 

that no sounding should ever be illegible and, second, that in order to present a pleasing 
appearance a uniform size of numeral should be maintained as far as practicable. 
(See fig. 163.) 

In areas of intensive development where individual lines of soundings are difficult 
to follow, the numeral representing the least depth should be drawn slightly larger and 

bolder. Such depths are the most important soundings in the area, and a cursory 
examination of the sheet should disclose these without the need for a meticulous sound- 

ing-by-sounding examination of the areas. (See also 7753.) 
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FIGURE 163.—Sizes and placement of sounding numerals and other data on smooth sheet. 

7733 

When the soundings are inked in the Washington Office the same procedure shall be 
followed and in addition, care must be taken to maintain the opaqueness of the inked 
data. 

7733. Orientation of Numerals 

Regardless of the direction of the sounding line on the projection, all numerals: 
representing soundings shall be oriented to be read from the south. Normally, the 
horizontal axis of the numbers shall be east and west. Where the numbers contain too 

e many digits or the soundings are too frequent to permit this, they may be inked at 

any convenient angle, provided they can be easily read from the south (see fig. 163). 
It should never be necessary to turn the sheet to read a part of the soundings easily. 
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7734. Fractions and Decimals 

Figures in a fraction or the decimal parts of a depth unit must be smaller than whole 
numbers. In general, the over-all height of a fraction should not be more than 15 

percent greater than the over-all height of the whole numbers in that vicinity. Where a 
fraction stands alone the horizontal bar between the numerator and denominator 
must be included, in order to avoid mistaking the component parts of the fraction 

for whole numbers. But if the sounding is a mixed number—that is, where a fraction 
accompanies a whole number—the bar shall be omitted. 

The decimal part of a fathom shall be considered as the numerator of a fraction 
whose denominator is 10, but with the denominator omitted, and shall be so penciled 

and subsequently inked on the smooth sheet. The horizontal bar which is normally 
used between the numerator and denominator of a fraction shall be retained as a 
line under the decimal part of the sounding. 

No depth shall ever be shown as a decimal alone. Where the depths are less than 1 
fathom, on a smooth sheet whose depth unit is fathoms, the decimal part shall be 
preceded by zero, as 0°. 

Greater care must be taken in penciling and inking fractions and decimals than 
is necessary with whole numbers, since their smaller size requires greater perfection in 
the formation of the numerals, in order that they shall be perfectly legible in spite of 
their reduced size. 

In congested areas it is particularly important that fractional numbers be so 

drawn and so spaced that no doubt can ever arise as to whether a fraction stands 
alone or is part of an adjoining number. 

7735. Zero and Minus Soundings 

Where zero soundings are placed on the smooth sheet, extreme care must be taken 

in drawing these figures in order that they will not be mistaken for off-lying rocks or 

islets. This is especially important along rocky coasts where small isolated bare 
rocks or islets are frequent. 

A minus sounding (see 7715) should be preceded by a minus sign (e.g. —2). Ifthe 
minus sounding is a fraction, the minus sign shall precede the numerator, and not be on 
a line with the bar between the numerator and denominator, since in the latter case 

it might be mistaken for a part of the bar. (See also 7734.) 

7736. Position of Numerals 

The center of the number, including the fraction if any, is considered the position 

of that sounding and shall be so penciled and inked on the smooth sheet, except for 

the soundings at positions. 
In penciling or inking soundings at positions it is important not to obscure the 

position dot by any part of the number. Therefore, in those cases, where the 
number. is composed of an even number of digits, considering the fraction, if any, as 

one digit, the sounding shall be placed with an equal number of digits on each side of 
the position dot. Where the number is composed of an odd number of digits it shall 

be placed as follows: (a) one-digit numbers immediately to the right of the position 
dot; and (6) three-digit numbers with the first digit to the left,and the second and third * 
digits to the right of the position dot. 
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7737. Vertical Casts 

In conjunction with echo sounding, occasional comparisons are made with vertical 
casts taken by the leadline or wire method. Such simultaneous soundings are both 
to be placed on the smooth sheet, in pencil; the echo sounding at the correct position 
and the vertical cast immediately beneath it and connected to it by means of a bracket. 

After verification in the Washington Office, only the echo soundings shall be inked 
in areas of comparatively regular bottom. Where vertical-cast comparisons occur in 
areas of steep slopes or very irregular bottom, both the echo sounding and the vertical 
cast are inked, the latter being marked ‘‘VC”’. 

774. Errors IN SOUNDINGS AND POSITIONS 

During the plotting of the soundings and the delineation of the depth curves, 

the smooth-sheet plotter must be ever alert to detect errors in the Sounding Records, 
whether in the original entries or in the final reduced depths. In spacing the sound- 
ings with the spacing dividers, previously undiscovered errors in the plotted positions 
may often be disclosed, which may have resulted from original erroneous or inadequate 
data, or from errors made by the plotter. As the soundings are penciled, errors 
in the depths may be disclosed by the fact that the soundings on adjacent lines are not 
consistent, or by the fact that when the depth curves are drawn they are forced into 

representations of unnatural bottom features. 
If errors are discovered or suspected, they must be verified and corrected wher- 

ever necessary. But no deviation from the original recorded data shall be made 
unless this appears reasonable and is supported by other evidence. Where any entry 
in the Record is amended or rejected, such changes shall be made in colored pencil 
(see 7741) and each change fully explained or justified by a note in colored pencil in 

the ‘““Remarks”’ column. 
Two general classes of errors may occur in the Sounding Records; those which 

affect the positions of the soundings and those which affect the depths. And of these 
two classes certain types of errors will affect only isolated soundings or positions, while 
others will affect an entire area. The latter, of course, are the most difficult to discover. 

In 7624A, there have been listed the kinds of errors found occasionally in the 

recorded position data which affect the positions of the soundings on the smooth sheet. 

Errors of position may also result from the following sources: 

(a) Faulty spacing of the soundings along the sounding line, due to— 

(1) An error in plotting the soundings. 
(2) A failure to take into account variations in course or speed in plotting the soundings. 

(b) One of the sextants badly out of adjustment. 

(c) One or more of the control stations incorrectly plotted. 
(d) In R.A.R. control, the use of an erroneous horizontal velocity of sound for one or more of 

the distances. (See also 7636.) 

(e) Small clock errors. 

(f) An omission of variations in course or speed in the Sounding Record. 

Erroneous soundings may result from an almost infinite variety of causes, of which 

the following are the more common: 

(a) A confusion of numbers in the Sounding Records, such as the interchange of 7 and 11 or 15 

and 50, where the soundings obtained are transmitted orally to the recorder (see 4623). 

(b) A misread sounding; that is, the leadsman or fathometer attendant actually reports a sound- 

ing different from that obtained. 



7741 HYDROGRAPHIC MANUAL PaGeE 726 

(c) An inaccurately calibrated sounding apparatus or the misapplication of the corrections, among 

which may be the following: 

(1) Leadline not compared with the standard. 

(2) Leadline varied in length between standardizations. 

Sublocality 
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Boat used LAUNCH NO. 4 a Kerr 

ANGLES AND RANGES 
BEARINGS 

LOG READINGS REMARKS, 
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FIGURE 164.—Right-hand page of Sounding Record with 

corrections properly made (reduced about one-half). 
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(3) Sounding machine registering sheave 

not correctly calibrated. 

(4) An erroneous velocity of sound used 

in the reduction of echo soundings. 

(d) Erroneous application of any of the data 

used in reducing the soundings. 

(e) Large clock errors which may result in an 

erroneous tide reduction. 

(f) An inaccurate plane of reference; errors 

from this source may occur where— 

(1) The tide gage is located at too great 

a distance from the area being sounded. 

(2) The area being sounded is blocked by 

shoals from free access of the tide. 

(3) The tide gage is so located that the free 

rise and fall of the tide, particularly the low 

water, is not correctly recorded. 

(g) A rough state of the sea—errors due to 

this condition may be detected where one day’s 

work performed in rough weather is adjacent to 

another day’s work performed in calm weather; or 

where crosslines have been run in an area under 

different conditions of sea from those which ob- 

tained at the time the principal system of lines 

was run. 

(h) Where the leadline or wire is not perfectly 

vertical—such condition occurs when the sound- 

ing line is run in a wind, sea, or current, handlead 

soundings being particularly vulnerable in this 

respect (see 3464); wire soundings in deep water 

may be similarly affected because of the impossi- 

bility or impracticability of maintaining the posi- 

tion of the vessel vertically over the lead (see 3422). 

(1) Where handlead or wire soundings are 

taken in an area of very soft or oozy bottom, where 

it is difficult or quite impossible to detect when the 

lead strikes the top of the soft layer. 

(7) Where soundings are taken on abrupt slopes: 

(1) In handlead or wire soundings the 

lead may slip down a rocky slope. 

(2) In echo sounding, the sound may be 

reflected from the side of the slope rather than 

from vertically beneath the vessel (see 563). 

(3) A small displacement of the position 

of the sounding may affect the depth by a 

considerable amount. 

7741. Corrections to Recorded Data 

The instructions for recording the data forbid erasures, and recorders correct their 
errors by crossing out the erroneous entry and writing the corrected one above or at one 
side (see 81). . The smooth plotter may frequently find that the rejected entry, or some 
part of it, was correct, but that its application may not have been correct. 
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An example of a right-hand page from the Sounding Record of three-point fix 
hydrography is illustrated in figure 164. Typical errors and omissions are shown, to- 
gether with the proper method of checkmarking and correcting them. The corrections 
should be made by the smooth-sheet plotter according to the following general instruc- 
tions: 

(a) All corrections and notes in the Record must be made in colored pencil, the same as used for 

checkmarking the positions (see 7624), in order that it will be clear what data were used for plotting 

the position and that it was not a correction made in the field at the time of recording the data. 

(b) The original recorded data shall never be erased, no matter how certain the plotter may be as 

to the correct entries. Such corrections should be made by crossing out the recorded data and, where 

practicable, entering the correct data above the erroneous data. But in any case, the correct data 

should be so entered that no mistake in interpretation can be made. 

(c) The reason and authority, if any, for the revision shall be entered. 

After the smooth sheet has been completed, it should be in complete agreement 
with the corrected Sounding Record. No positions should appear on the smooth sheet 

except those which are based on data in the Sounding Record, or are fully explained by 
supplemental entries; neither should any depths be penciled on the smooth sheet which 
do not appear in the Sounding Record or on the fathogram. It should be possible at 
any time in the future to justify any information on the smooth sheet by reference to 
the Sounding Record or fathogram. 

775. CONGESTED AREAS 

Cases frequently occur where it is impossible to show adequately parts of surveys 
at the scale of the smooth sheet. Among these are: (a) intensely developed small 
areas; (6) soundings taken in small docks and alongside small piers; (c) large water 

areas developed with two or more systems of lines. Clarifications in (a) and (6) are 
accomplished by means of subplans at enlarged scales (see 7751), and in (c) by means 

of overlay tracings (see 7752). 
7751. Subplans 

Small congested areas shall be shown at enlarged scales in subplans in otherwise 
blank spaces on the smooth sheet, where practicable. The scale and extent of the plan 

135°20' 

135°20' 

NITAL COVE 
Scale 1:2,500 Scale 1:10,000 

FIGURE 165.—Subplan of small cove on smooth sheet. 

shall be large enough to show the positions and soundings clearly, and to include the 
stations used to control the hydrography to be plotted thereon. 
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Enlarged subplans, such as those to include the water area of a small bay, bight, 
inlet, or anchorage area, shall be surrounded by a heavy margin in black ink. Each 
subplan must include the scale, the name of the water feature, if any, and at least one 
meridian and parallel. An arrow should be added leading to the plan from that part 
of the smooth sheet of which the plan is an enlargement, where it can be done without 

interference with the hydrography. A fine dash pencil line should be drawn around the 
area on the original scale which has been enlarged. Details shown in the enlargement 
may be omitted from the original scale. Wherever practicable, the subplan should 
be located so that its meridian and parallel coincide with two of the lines of the prin- 
cipal projection. (See fig. 165.) 

Where soundings are taken in small docks and along the sides and ends of small 
piers and are located by reference distances to or along the piers, enlarged plans of these 

Scale 1:5,000 FLOAT 6’ xX 40’ i 

Scale 1:2,500 

FIGURE 166.—Subplan of pier with soundings alongside. 

shall be shown as nearby as convenient to the areas at the original scale. If the enlarged 
plan cannot be shown adjacent to the area, there shall be an arrow leading to the 
enlarged pier from that place on the shoreline where the pier is located. Such plans 
need not contain a scale nor be surrounded by a margin. Each plan shall show in 
figures the principal dimensions of the pier. (See fig. 166.) 

7752. Overlay Tracings 

Where the subplan method is impracticable, because of the extent of the area 

involved, or for any other reason, overlay tracings shall be used. These are plottings on 
tracing cloth, at the scale of the smooth sheet, of one or more of the several systems of 

sounding lines used to develop the area. In order to achieve clarity, it is sometimes 
necessary to use more than one overlay. The overlays need be only large enough to 
include the hydrography in question, and need not cover the entire sheet. The pro- 
tracting is done directly on the tracing using the control points on the smooth sheet. 
Both positions and soundings on the overlay shall be inked (positions in black and 
soundings in red). 

Each overlay tracing shall be referenced to the smooth sheet by number as “‘Over- 
lay to accompany H-5236,” and shall be marked by a sufficient number of projection 

intersections, at least two of which shall be identified by their latitudes and longitudes. 
Smooth-sheet plotters may determine where overlay tracings are necessary and 

what portion of the work should be so prepared by the criterion that it must be possible 
for the verifier to identify each position on the various sounding lines. As a general rule, 
where the sounding lines are not much less than one-fourth inch apart, two systems of 
lines may be satisfactorily plotted directly on the smooth sheet, but where there are 
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more than two systems the additional systems should be plotted on one or more overlay 
tracings. 

If, for example, there are three systems of sounding lines, A, B, and C, in an area, system A should be plotted and the soundings 

penciled directly on the smooth sheet. The position dots should be inked but the position numbers and day letters should be left in 

pencil at this stage of the plotting. It is often advantageous to identify the positions temporarily by placing the numbers and day 

letters well outside of the congested area, connected to their respective positions by lightly penciled leader lines. The second system, 

B, ifneither A nor Bis too closely spaced, should then be plotted directly on the smooth sheet in the same manner as A. In penciling 

the soundings of system B it will be found that some of these occur where soundings from system A have already been penciled, and it 

will be necessary to erase some of the A soundings to make space for shoaler soundings obtained on the Bsystem. The resultant sound- 

ings on the smooth sheet should be an adequate selection from the A and Bsystems, depending on the depths obtained. No preference 

should be given to the soundings of one system over the other. After the soundings have been penciled, the position numbers and day 

letters can be inked where they will not interfere with the soundings, using short leaders where necessary. 

The hydrography of system C should now be plotted on the overlay tracing, with the least depth found by that system empha- 

sized by an arrow pointing to it, on which is lettered the depth, position number, and day letter. 

Finally, the least depth obtained from all of the systems on any given shoal must be plotted on the smooth sheet and indicated 

by a leader at whose end in a clear space is given the depth, and the position number and day letter (see 7753). 

All overlay tracings must be forwarded to the Washington Office with the smooth 
sheet. When the latter is verified in the Office the positions will be transferred from the 

overlays to the smooth sheet, and a selection of soundings made which will adequately 
represent the depths in the area; after review of the smooth sheet the overlays will be 
destroyed. 

7753. Least Depths 

The least depth on each shoal, whether or not it contains intensive development, 
should always be shown slightly larger and bolder than the surrounding depths, in 
order that it will not be overlooked even in a cursory examination of the smooth sheet. 

(See 7732.) And in all cases where there is any doubt about the least depth being 
readily noticeable, there should be added, in pencil, a legend “Least depth ____ ft” 
in a clear space (on the land area if necessary) with a fine arrow, or leader, drawn toward 

the minimum depth. The position number and day letter should also be given if not 
otherwise clear. 

If available, a bottom characteristic should always be added as near the least depth 
as practicable. 

The same general procedure shall be followed when such least depths are inked in 
the Office, except that the position numbers and day letters will ordinarily not be inked 
in the legend. 

776. DepTH Curves 

Depth curves, or curves of equal depth, are shown on the smooth sheet for the pur- 
pose of bringing clearly to the eye the general configuration of the bottom, and for 
emphasizing important navigational features, such as shoals and channels. They are 
also of value in studying the adequacy of the survey in the Office, where areas are often 
discovered that require additional field examination. 

Depth curves are comparable to contours on land, each curve representing an 
imaginary line on the ground (in the water area), every point of which is at the same 
depth below the sounding datum. The principles which govern the delineation of land 
contours are equally applicable to the drawing of depth curves, and a knowledge of 

topographic expression and submarine relief is essential for their correct representation. 

A study of the characteristic bottom forms in any region is of value in the interpretation 
of hydrography, as such forms usually repeat themselves in similar regions, and often 
in the same region. (See 3531 and 355.) 

Abnormal or improbable depth curves are strong evidence of probable uncertainties 
or inaccuracies in the hydrographic survey or the reduction of records, and the soundings 

4653824448 



7761 HYDROGRAPHIC MANUAL Pace 730 

or positions controlling such abnormalities should always be verified before acceptance 
as correct (see 353). . 

Depth curves shall be penciled on the smooth sheet before it is transmitted to the 
Office. The colors adopted to represent the various depth curves on hydrographic 
surveys are listed in table 27. Depth curves on smooth sheets are only inked in the 
Washington Office after the survey has been verified. 

TABLE 27.—Depth curves 

Curve in Curve in To be inked 
fathoms feet . in 

0) 0 (Plane of reference) _______- Yellow. 
% Se yee ee FO 4 eed (Omit) | Violet. 
1 (Cpl gts eee Serta Lk See uel 3 Green. 
2 DALAL Lr (esse meee eee Baste bal its Gad? Red. 
3 1S) Sp SP || os EY Si es Sere eee! Blue. 
4 DAS Ap |e ee OAs 0k eh eee a (Omit) | Yellow. 
5 SOP SO ROOT Yes TOT Ts de ne Red. 
6 SOK nen 1 eee Ee RRL. = int ae pn (Omit) | Green. 

10 (0) Others Ae a ween Sila J Sa ee ei Yellow. 
20 L20. Sos ee. eked, wr le Sd ee Blue. 
30 PSO Sy), < eee eee ae aes eee Violet. 
40 DAO Ar hitet fey. See Gitar ten to pied. Green. 
50 SOO py Mellieha eerie Se ail eae i ge ee Red. 

100 OOF rea ee een ee. ee ee gee ene ae Green. 
200) tei tlle eee ee eps fe reel eres Sal py eee Yellow. 
SS OR ype | Re es Ret ae Stee ee ON ok See i eD Violet. ° 
AOE Oe Wo | ee eee eens | eS ae anne) ee nd Green. 
SOON ** Lypiieeeyt ee Ser h ievee ous 2b a tepyhy op ter / PS) ge peeh eo Red. 

1 OOOf gc) Bona te ae 5 Se eee ee Fea ae ee Blue. 
PA NOU Oyen ath Mat etelas obese ent lb ge, Ala Neat etecrenl acy Aeaf AP nares Yellow. 
SHOOOH Ly Llone Pee: ely iain weet eeyie Ip eee eet Violet. 

7761. Selection of Depth Curves 

All of the applicable depth curves listed in table 27, except as modified under this 
heading, shall be penciled on the smooth sheet. However, if the survey includes sig- 
nificant submarine features which are not emphasized sufficiently by the use of the 
curves listed, additional curves should be drawn. The nonstandard curves and the 

reason for using them should be given in the Descriptive Report (see 842./). 
Although they will ordinarily not be inked (see 7763), the 4- and 6-fathom curves 

shall always be penciled on the smooth sheet by the field party, and the 4-fathom curve 
shall be added where it may be useful in small-boat navigation. 

Occasionally some of the depth curves should be omitted for reasons of clarity. 

On steep slopes the curves may be so closely adjacent as to be confusing; in such cases 
the shoalest and the deepest curves are generally the most important and should be 
shown, omitting the less important intermediate ones. Where rocks or steep shoals 

rise suddenly from much greater depths one or more of the deeper depth curves should 
frequently be omitted; for instance, if a 5-foot depth on a rock is surrounded by general 

depths of 20 feet or more, the 6-foot curve must be drawn, but the 12- and 18-foot curves 

may be omitted. In channels with steeply sloping sides, the curve which gives the 
maximum through depth is the most important and should be shown at the expense of 

some of the shoaler curves. Likewise, where islands, shoals, or reefs rise abruptly from 
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much greater depths and several of the shoaler depth curves are very close to the shore- 
lines of the islands, or edges of the reefs, the shoaler curves should be omitted. 

7762. Delineation of Depth Curves 

Depth curves shall be penciled lightly as continuous lines, using a 2H pencil, and 
using as a guide the curves shown on the boat sheet. The hydrographer will have 

sketched on the boat sheet, many more depth curves than are required for the smooth 

sheet (see 3533), and in doing this, certain characteristics of the submarine relief are 

developed that may not be apparent where the prescribed curves only are drawn. 

Careful attention must, therefore, be paid to the boat sheet when drawing the curves 
on the smooth sheet. 

Depth curves are drawn so that each depth corresponding to the depth indicated 
by the curve is either on the curve or within it. Where the curve passes between sound- 
ings, it must be located at the correct proportional distance between the two depths. 
Curves must be broken at sounding numerals and position dots—never continued 
through them as continuous lines. At position numbers, however, curves should be 
continuous, the numbers being moved slightly, if necessary. 

In comparatively shoal 
depths where there may be 
dangers to navigation, one 9 

: 20 
should always err on the side - 2 el ea se 

: : 23 
of safety in drawing depth SE 9 le: guia) ea et 

é Nig 19 25 2 ae 

curves. Where the soundings =, i eeoer 20 19 
are not spaced closely enough |; i Sema 7 Sie gie edt 4 

aie wy 8 Ip 8 7 2h 2018 13(1 10 i217 8 BC 9) 16 )20 
to determine precisely the saa Sok yy i i Zk i 

ea 9 : 
position of a depth curve, the 18 e al Sy) de diode! daar alr 

‘ ( 5 | 
curve must be drawn to in- — jo = 2 24 Bip 220 we 23.~«C« 

. (6 2 23 

clude the part of the area in 5 Boe eats 

which a shoal sounding is pos- 39 
sible. For example, where A B 

there is a shoal of less than 3 
fathoms extending offshore, 
around which the depth curve might be closed just outside of several 3-fathom sound- 
ings on a given line, and there is one sounding of 3 fathoms or less on the next adjacent 

line offshore, the one sounding must not be surrounded by a detached curve, leaving the 
inference that there are greater depths between the 3-fathom detached sounding and 
the inshore 3-fathom curve. On the contrary, the curve must be extended to include the 
isolated sounding, as in figure 167. Similarly, where there is an absence of soundings 
between two contiguous shoal areas, the depth curve must be drawn to connect both 
shoals, rather than as a closed curve around each one, since in the latter case the infer- 
ence would be that depths greater than the depth curve exist between the shoals. 

(See fig. 167.) 

Without exception, depth curves should never indicate a through channel unless 

this has been proved by the actual soundings taken. 

Over extensive flat areas it is frequently advisable to add fractional depths in 
the vicinity of the depth curves in order to locate them more accurately (see 7713). 

FIGURE 167.—Depth curves in vicinity of shoals (see text). 
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Depth curves or parts of curves that are not well defined, as where they are 
dependent on one or two soundings, shall be shown as broken lines, except where close 

inshore, in which case they shall be omitted entirely. 
The low-water line, or zero depth curve, is one of the most important curves on 

the smooth sheet. Where it is not well defined by the soundings, data from other 

sources as prescribed in 754 should be used for its delineation. 

7763. Inking the Depth Curves 

The depth curves are inked in the Washington Office following the colors given 
in table 27. The word ‘‘omit’’ opposite a depth in the table indicates that ordinarily 
that curve is not to be inked. Any curves not inked shall be erased by the verifier. 

Nonstandard curves penciled by the smooth-sheet plotter to delineate submarine 
features not sufficiently emphasized by the standard curves (see 7761), shall be inked 
in brown on the smooth sheet by the verifier. (See also 9336 and 93420.) 

777. INSPECTION OF PLOTTING 

After the positions and the soundings have been plotted and the depth curves 
and the bottom characteristics (783) have been added, the work shall be inspected by 
a responsible person for completeness and accuracy. In addition, the depth curves 
and the differences in depths at crossings and between adjacent sounding lines should 

be critically examined. 
The inspection should also include an examination of all critical soundings to 

ensure that they are clear and legible; there should be no doubt, under any circum- 

stances, as to the least depth on any rock or shoal. Neither should there be any doubt 
about the deepest draft that can be carried safely through any channel, along any rec- 
ommended course, or through any particular areas where passage of vessels is frequent. 

7771. Differences in Depths at Crossings 

Where excessive differences at crossings are encountered in a survey, a study of 
the results should be made in order to discover, if possible, the source of the trouble 

and to make such corrections as are necessary. Such differences may be due to some 
fault in the sounding apparatus or in the method, or some error in the record. What 
is to be considered excessive will depend on the strength of the control, the accuracy 

of the sounding method, and the character of the bottom. It is impossible to formulate 
a rule which will cover all of these variable conditions. One experienced in hydro- 

graphic work will recognize, for any set of conditions and any given area, what differ- 

ences are excessive. 
Where differences in depth are discovered, all the possible causes must be con- 

sidered, and almost any one discrepancy may result from either an error in position 
or an error in depth. It is particularly important to remember this, especially in 
areas of steep slopes, where a slight displacement in the position of the sounding may 

account for the difference in depth. (See also 563.) 
The allowable difference in any given case should not be based on a percentage 

of the depth, but rather on the lateral displacement of the depth curves. In compar- 
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atively even bottom, such as exists in the Gulf of Mexico, a difference of 2 or 3 feet 
may be excessive, because of the amount the depth curve is displaced. On the other 

hand, in areas of steep slopes a difference of several fathoms may be readily allowable 
since the position of the depth curve may not be affected appreciably. 

If the control is strong, excessive differences shouid not be caused by uncertainty 
of positions except in cases of pure blunder. Individual cases of excessive differences 
may result from an error in protracting or from an error in the reduction or plotting 
of the soundings, and the first step in the elimination of such errors is to verify the 
positions and depths in the vicinity of the discrepancy. Where crosslines have been 
run on a different date from the original system of lines, the discrepancies may be due 
to differences in sea and weather conditions on the two dates; and these should be 

examined. 
A statement shall be made in each Descriptive Report relative to the discrepancies 

at crossings (see 842K). Generally, this may consist of a simple statement of the 

percentage of crossings at which the differences are 1, 2, 3, etc., percent of the depth. 
Because of the relative weakness of R.A.R. control in certain areas, a complete tabula- 
tion of the depths at all crossings shall be made for each R.A.R. sheet (see 7722a). 

7772. Examination of Depth Curves 

The best evidence as to the adequacy and completeness of the survey is whether 
the depth curves can be completely drawn, and whether their shapes and convolutions 

are natural. <A study of the depth curves may disclose discrepancies from several 
sources. Where the depth curves do not represent normal types of bottom relief, 
some source of trouble is to be sought. For example, a tide gage inadequately located 

with reference to the hydrography will result in depth curves having a jagged unnatural 
appearance if based on adjoining parallel lines run at different stages of the tide. 

A study of the depth curves, and a consequent study of the hydrography in the 
vicinity, may also reveal discrepancies due to the use of different methods of sounding 
or the use of different sounding instruments, and may result in actual corrections being 

made to some of the lines of soundings and in rejections of others. 

78. ADDITIONAL DETAILS ON SMOOTH SHEET 

781. ExpLanatory Nores 

A variety of miscellaneous explanatory notes is required on the smooth sheet before 
it can be considered complete. Such notes should be made as short as practicable and 
still give the desired information. (See fig. 171.) Those referring to hydrographic: 
features shall be in slanting letters, and those referring to land features shall be in: 

vertical letters. The lettering should be freehand, upper and lower case, the average 
height of the capital letters being 1.8 mm, the lower-case letters being proportionately 
smaller. Notes should ordinarily begin with a lower-case letter. The size of the 
lettering should be consistent throughout each sheet, in order to present a pleasing 

appearance. In congested areas it may be reduced in order to conserve space, but the 
letters should never be so small as to require a magnifying glass to read them. 

A good deal of latitude may be taken in the placement of notes, as long as it is 
perfectly clear to which feature a note applies. This may be accomplished in many 
cases by the use of leaders (see 7914). 
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Unless stated otherwise under the specific paragraphs, all explanatory notes placed 
in the land area or in clear spaces in the water area shall be inked in black, but those 
that must be placed in the sounded area should be left in pencil for subsequent inking 
in the Washington Office, after verification of the survey. 

Periods shall not be used under any circumstances in connection with names, 

notes, or any symbol that appears in the water area, as they might be confused with 

bare rocks. (See also 783.) 

In addition to the types of notes referred to above and those specifically mentioned 

elsewhere in this Manual, the following general classes of notes are required. These 
apply mostly to control stations and landmarks, and should be shown in vertical 
lower-case letters, and in parentheses (see fig. 171). 

(a) The name of each marked recoverable topographic station shall be followed by the word 

“‘marked’’. 
(b) The name of each recommended landmark shown on the hydrographic sheet shall be followed 

by the word “landmark”’, together with the elevations above the ground and above mean high water, 

if known; and if the name is not self-explanatory, a few words describing the object should be added 

(see 7844). 

(c) Each object in the water area used as a signal shall be explained by a note stating whether 

it is of temporary or permanent nature, and if permanent its character must be described for the infor- 

mation of the cartographer in charting (see 7444). 

(d) Each control station that is a natural or artificial object and is permanent or Semipermanent 

shall be briefly described in one or two words immediately following the station name. 

(e) If the source of the position of a control station is other than the official records of the Bureau, 

an explanatory note shall be added after the station name to state the source of the data. 

782. Rocks, Reers, LEpGEs, AND Rocky AREAS 

The representation of these features is one of the most important phases in the 
plotting of a smooth sheet. Great care is necessary in order that there shall be no 
ambiguity regarding their true character and that the conventional symbols used for 

such features conform to the adopted standards in part ‘‘O” of the Symbols and Abbrevi- 

ations chart (see fig. 189, part IX). 

In applying these features to the smooth sheet, those that originate solely with the 
hydrographic survey or that result from an adjustment between the hydrographic and 

topographic data should be left in pencil by the field party (see 7827). All other 

features (and primarily these include information transferred from the topographic 

survey) should be inked in black unless otherwise noted in this Manual. Similar 
treatment should be followed in the case of descriptive notes or elevations accom- 

panying such features. (See 7825 and table 28.) 

7821. Planes of Reference or Sounding Datums 

In the hydrography of the Coast and Geodetic Survey two general planes of refer- 
ence (sounding datums) and one special plane are in use. They are mean low water 

(MLW) for the Atlantic and Gulf areas, mean lower low water (MLLW) for the Pacific 

areas, and mean low water springs (MLWS) for the Pacific entrance to the Panama 

Canal (see 8224). The plane of mean high water (MHW) is the datum to which the 

shoreline and all land elevations are referred (see 2311). 

All rocks, reefs, and ledges shown on the smooth sheet must be referred to these 

planes, and to no others, and they must be symbolized in accordance with the rules 

given in 7823. 
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7822. General Definitions 

Three types of rocks may be encountered in a hydrographic survey, characterized 
as bare, awash, and sunken. By convention and for general purposes, they are defined 
in relation to the tidal datums of the locality, as follows: 

(a) Bare rocks are those extending above the plane of mean high water. 

(b) Rocks awash are those exposed at any stage of the tide between mean high w ater and the 

sounding datum, or that are exactly awash at these planes. 

(c) Sunken rocks are those covered at the sounding datum, that are potentially dangerous to 

navigation. 

For cartographic purposes, however, the general definitions have been modified 
in order that the charted symbols may 
reflect the most probable condition of 

the rock as seen by the mariner. On mua eeass ogee chalet 
smooth sheets, therefore, the rules in 
7823 shall be followed ut the delineation Waa Vi, = ij, ii] 7, 
of the data relative to rocks, reefs, and >= === yy Ys, feet//////M Wy //7 2 feet 
ledges. (See also fig. 168). The rules 
are, of course, not inflexible, and in 

their application consideration should 

be given to the character of the area, 
whether exposed or protected; the 

proximity to shore; the range of the 

tide; and the extent of the minus tides; 

the controlling factors in all cases being 
the emphasis on dangers and the 

probable visibility of the rock at some 
stage of the tide. (See 9334a.) 

Regardless of the sounding datum, 
references to Atlantic Coast include 

all areas in the Atlantic Ocean and 
the Gulf of Mexico, and references to 

Pacific Coast include all areas in the Pacific Ocean and in Alaska. 

FIGURE 168.—Relationship of rocks to tidal datum planes. 

7823. Rules of Application 

a. Bare rocks.—Rocks with elevations of 1 foot or more above mean high water on the Atlantic 

Coast, or 2 feet or more on the Pacifie Coast, shall be shown as bare rocks. The actual shape of 

the rock should be shown if it is more than one-half millimeter in diameter on the survey sheet, other- 

wise it should be indicated by a dot. (See fig. 169.) 

b. Rocks awash.—Rocks shall be represented by the awash symbol where their summits are in the 

zone between 1 foot above mean high water and 1 foot below the sounding datum on the Atlantic 

Coast. On the Pacific Coast the limits are 2 feet. The same applies to reduced soundings in rocky 

areas, that are surrounded by depths considerably greater than the soundings. These limits are for 

reduced depths in the Sounding Record. 

The symbol for a rock awash is three crossed lines, one of which is parallel to the lines of latitude. 

c. Sunken rocks.—Rocks potentially dangerous to navigation, whose summits are below the 

lower limit of the zone for rocks awash, are classed as sunken rocks, and are represented on the smooth 

sheet, either by symbol (a simple cross), or by a sounding accompanied by the legend “Rk” depending 

on the nature of the available information. 

(1) The symbol should be used where the depth over the rock has not been definitely deter- 

mined, as in case of transfer from the topographic survey, or where breakers have been cut in but 

no soundings taken, or where the depth obtained does not represent the least depth over the rock, 
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(2) The sounding, with legend “Rk” appended, should be used in all cases, where the depth 

on the rock is known, and where the rock, at the sounding datum, is covered 1 foot or more on 

the Atlantic Coast or 2 feet or more on the Pacific Coast. 

(3) The abbreviation ‘Rk’? may be appended to the sunken-rock symbol where there is 
risk that the latter may be overlooked or mistaken for a defect in the paper. 

(4) Under no circumstances shall both the least depth and the symbol be used to represent 

the same rock. 

d. Accuracy of location.—Any specific rock (bare, awash, or sunken) which has been accurately 

located by a rod reading, a three-point sextant fix at the rock, or sextant or planetable cuts forming 

a good intersection at the rock, shall be encircled by a dotted line to distinguish it from those rocks 

whose positions are estimated, or are from generalized symbolization. 

If a rock is so located by the topographic survey, the dotted line shall be in black ink.’ If located 

by the hydrographic survey, the dotted line shall be left in pencil to be inked in red after the smooth 

sheet is verified in the Washington Office (see fig. 169). 

It is to be noted that the dotted line is not to be used around rocks located by estimated dis- 

tances from a sounding line. 

7824. Reefs and Ledges 

A reef is a rocky or coral elevation dangerous to surface navigation, which may 
or may not be above the sounding datum in elevation. A rocky reef is always de- 
tached from shore, but a coral reef may or may not be connected with the shore. A 
ledge is a rocky formation connected with and fringing the shore, and is generally 
above the sounding datum in elevation. These terms should always be so used in the 
Sounding Records, and will be construed in accordance with these definitions, unless 
information from other sources indicates otherwise. 

These features when bare or awash at the sounding datum must be clearly marked 
on the smooth sheet to show their nature and extent. They may be represented by 
symbol or by broken line and legend depending on which method will show the 
feature correctly and clearly with the least amount of work. A small reef or ledge, 
for example, might be shown by symbol but a large reef or ledge extending a consider- 
able distance along the shore may be indicated more economically by a broken line 
with an appropriate legend. : 

There is no distinctive svmbol for a submerged reef or ledge, and where the limits 

have been determined they should be indicated by a broken line, enclosing sunken- 
rock symbols or an appropriate legend (see 7826). 

No distinction is made between the symbol for a rocky reef and a ledge. Where 
a reef is continuous at the sounding datum, the standard rocky-ledge or coral symbol, 
as the case may be, should be used (see fig. 189, part II), but where the reef is generally 
submerged and projects only in spots above the sounding datum, rock-awash symbols 
should be used to represent the protuberances and sunken-rock symbols, the depressions. 

From their very nature, the exact delineations of reefs and ledges are sometimes 

unobtainable from a single source. Therefore, in plotting such features on the smooth 
sheet, their limits and extent should be based on all available information from the 
Sounding Records, the boat sheet, and the topographic survey. Care should be taken 
to distinguish between positions outlining a reef, and those outlining a sandy low-water 

line interspersed with rocks awash. 

7825. Elevations and Notes 

All notes and elevations relative to rocks should be referred to the precise datum 

planes applicable, and not to a generalized one. For example, ‘uncovers 2 ft at MLW” 
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should be used and not ‘“‘uncovers 2 ft at LW’. Bare rocks should be referred to mean 
high water (MHW) and rocks awash to the sounding datum (MLW, MLLW, or MLWS), 

except that rocks awash at mean high water should be so designated (see 7823). Eleva- 
tions above any datum should be given in feet to the nearest whole foot. Descriptions, 

such as ‘“‘breaks at balf tide’, “breaks in heavy weather only’’, and the like, are of 

value for charting and should be shown on the smooth sheet wherever the information 

has been obtained. Judgment is required in the selection and proper placement of 

notes in order to avoid crowding the sheet with a multitude of unimportant notes, 
but no important danger should ever be shown by symbol alone. 

a. Bare rocks.—The elevations in feet of bare rocks should be shown by slanting figures, in paren- 

theses, close to the feature. If they originate with the topographic survey they shall be shown in red, 

otherwise in pencil to be subsequently inked in black in the Washington Office. (See also 755 and 782.) 

b. Rocks awash.—Elevations of rocks awash above the sounding datum may be indicated either 

by notes, such as ‘‘uncovers 2 ft at MLW” or by slanting figures alone, in parentheses and under- 

scored, as for example (2). (See part ‘‘O”’ of the Symbols and Abbreviations chart, fig. 189, part IX.) 

If awash at the sounding datum or at mean high water, a note such as ‘‘awash at MLLW” should 

be used. No rigid rules need be followed, however, in the use of one form or the other. It is left 

mostly to the discretion of the smooth-sheet plotter. Generally, however, it is desirable to use notes 

in the case of isolated rocks, or for the highest rock in a group of offshore rocks, or for the outermost 

rock of a number of alongshore rocks. In congested areas or for the many less important rocks the 

underscored figure should be used. 

c. Reefs and ledges.—The above considerations also apply to the notes and elevations of reefs 

and ledges above the sounding datum or to the rocks awash in a generally submerged reef or ledge. 

7826. Rocky Areas 

Where, owing to heavy seas, low tide, draft of vessel, etc., it has been impossible 

to sound in an area with a rocky bottom, but which is otherwise clear of rocks, the 
approximate danger limit should be indicated by a line of sunken-rock symbols. 

Where, owing to a multitude of scattered rocks, it is needless to sound in an area, 
the positions of the off-lying rocks should be determined and the unsounded area should 
be marked “foul—unsurveyed”’. (See also 7824.) 

Where large areas, unimportant for navigation, have not been thoroughly surveyed, 
as where thick beds of kelp border the shore or where an extensive foul area exists in a 
remote locality, the outer limits should be shown on the smooth sheet and an appropri- 

ate legend added inside. For kelp, the symbol should be used and the area should 
contain the legend “heavy kelp, not navigable, not thoroughly surveyed”. For a foul 
area, a dash line should be used enclosing the legend ‘foul, not thoroughly surveyed’’. 

(See 36236 and 367.) 

7827. Reconciliation of Topographic and Hydrographic Data 

As is noted in 75, discrepancies between the topographic and hydrographic surveys 

as to the location and character of rocks should be harmonized in the field by a further 

examination if necessary, and all differences reconciled in the Sounding Records, on the 
sheets, and in the Descriptive Reports before submitting the survey to the Office. 

Where it is not feasible to investigate the discrepancies further, or to consult the 
topographer, the smooth-sheet plotter should then evaluate all the information available 

from both sources, taking into consideration the strength of the position determination, 
the proximity of the surveyor to the feature, the stage of the tide, etc., and resolve the 
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differences in favor of the weightier evidence. Generally, the following rules will be 

found applicable: 

a. Bare rocks.—Their locations and elevations should be accepted from the topographic survey 

except where there is unmistakable evidence of incorrectness, or where it is obvious that the topo- 
graphic location is weak. Where discrepancies between the two surveys result from the rules given 

in 7823 for interpreting the sounding data, then the source that makes the rock a bare rock shall 

govern. (See 7825a.) 
b. Rocks awash.—The locations of such rocks should generally be accepted from the topographic 

survey and should seldom be modified by the hydrographic survey. Their elevations above the sound- 

ing datum should be taken from the hydrographic survey because of the more definite tidal information 

available, and the closer proximity of the hydrographic party to such features. 

c. Sunken rocks and breakers.—The locations of sunken rocks and breakers, and notes relating 

thereto should be accepted from the hydrographic survey, but it should first be determined that the 

identical feature is involved. 

Changes in the character of rocks should not be made on the topographic survey 
where the differences are consistent with the stage of tide at the time of survey, but an 
explanatory note should be added to the topographic Descriptive Report. 

783. Botrrom CHARACTERISTICS 

After the soundings and depth curves have been penciled the bottom characteristics 

should be penciled on the smooth sheet. Standard abbreviations have been adopted 

for such information (see part “S’ of Symbols and Abbreviations chart, fig. 189, 

part XI) and these must be used on the smooth sheet, even if nonstandard abbreviations 
have inadvertently been entered in the Sounding Record. It should be noted that 

lower-case letters are used throughout for adjectives, to distinguish them from nouns 
which all begin with capital letters. Periods must not be used after abbreviations, nor 

are hyphens or other connecting symbols to be used between abbreviations, but there 
should be a slight space between them. <A standard bottom characteristic should 
appear on the smooth sheet thus: “hrd S Sh P”. (See also 384.) Attention is called 
to the fact that “rky’”’ is the abbreviation for rocky bottom, but the abbreviation “Rk” 

is used only for a rock which rises from much greater surrounding depths, and not for 

even rocky bottom (see 7823c). 
In placing the bottom characteristics on the smooth sheet a judicious selection 

should be made. Ifa large number are recorded, as is usually the case in areas surveyed 
by handlead or wire sounding, probably only part of those need be shown on the smooth 
sheet. On the other hand, where echo sounding is used, comparatively few bottom 

characteristics are obtained, and probably all obtained should be shown on the smooth 

sheet, including those whose locations are somewhat indefinite. Bottom characteristics 

obtained when anchoring and picking up buoys and when observing temperatures and 

salinities should be shown on the smooth sheet, if an approximate location has been 

given. 
Harbors, anchorages, and shoals are the areas where bottom characteristics are 

most important. Each shoal must show a bottom characteristic, if one has been ob- 

tained thereon. In harbors and anchorages, a sufficient number should be plotted to 

show, particularly, where changes in the character of the bottom occur; but where there 

is a monotonous sameness in the character and quality of the bottom, too many charac- 

teristics should be avoided. (See 3842.) 

Bottom characteristics should, if practicable, be placed on the smooth sheet 
reasonably close to and a little below and to the right of the soundings which they 
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accompany. Where such placement interferes with the clarity and legibility of the 
sounding, the bottom characteristic should be placed in any convenient space in the 

immediate vicinity of the accompanying sounding. The abbreviations should be 
lettered in single stroke slanting letters, the capital letters having an average beight 
slightly less than the soundings and the lower-case letters correspondingly smaller. 
(See fig. 163.) 

After the smooth sheet has been verified, the bottom characteristics will be inked 

in black in the Washington Office. At that time, if it appears that an insufficient 

number were obtained, the new survey may be supplemented, on direction of the Chief 
of Surveys Branch, with bottom characteristics from prior surveys (see 3842 and 
9333)). 

7831. Silted Areas 

The fathograms of echo-sounding instruments operating at supersonic frequencies 

show quite clearly, under certain conditions, layers of silt or other loosely distributed 
sediment overlying the substrata. These are commonly found in bays, lakes, or 
estuaries, where silt-laden streams have deposited their loads, or in offshore basin areas 

where unusual conditions may permit the deposition of silt. 

A record of the existence and limits of such sedimentary layers is often of con- 
siderable importance. Where encountered in an area being surveyed, the Washington 

Office shall be notified of the apparent features and special instructions will be issued 

if a smooth-sheet record is desired. 

In such cases the silted areas shall be noted on the smooth sheet, at the time the 

soundings are plotted, and the approximate outline of each area more than 1 inch 

in diameter or 1 inch wide, shall be shown by a dash pencil line. A notation explain- 
ing their significance shall be made on the title sheet and in the Descriptive Report. 
The outlines will be inked in a brown dash line after verification in the Washington 
Office, and at the time of inking the depth curves. 

Where silted areas are so frequent that they will be confusing on the smooth sheet 
or may be confused with the depth curves, their limits shall be shown in brown dash 

ink lines on a tracing-cloth overlay. The overlay shall be referenced to the smooth 
sheet by projection intersections throughout the area and shall be identified by a title, 
as “Overlay showing silted areas on H-5236.’’ A notation shall be placed on the title 
sheet (Form 537) that such an overlay accompanies the smooth sheet. 

Where silted areas are disclosed by the fathograms a discussion of their estimated 

frequency, sizes, and apparent thicknesses shall be made in the Descriptive Report, 

irrespective of whether their outlines are shown graphically on the smooth sheet or on 

an overlay. 

784. Arps TO NAVIGATION 

All aids to navigation, fixed and floating, within the area of the survey, shall be 
shown on the smooth sheet. The positions of fixed aids located by triangulation shall 
be shown by standard triangulation station symbols; where located by topographic or 

hydrographic methods, control station symbols shall be used if the aids were so used 

during the hydrographic survey; otherwise, nautical chart symbols should be used 

(see fig. 169). The positions of floating aids, irrespective of method of location, shall 
be indicated by the actual aid symbols and colors used on the nautical charts of the 
Bureau. (See part “L”’ of Symbols and Abbreviations chart, fig. 189, part VIII.) 
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The smooth-sheet plotter shall compare the plotted information with that shown 
on the charts and with that given in the most recent edition of the Light List published 
by the United States Coast Guard, and any material disagreement as to position or 

characteristics shall be noted in the Descriptive Report (see 842P). The positions of 

all fixed aids shall also be reported on Form 567. (See also 383.) 
Hydrographic survey parties are required to obtain the depths at all aids to naviga- 

tion located in the water area, and these shall be shown in pencil similar to other 
soundings. 

Where items 7841 to 7847 inclusive specify that certain data are to be left in pencil 
by the plotter, they shall be inked in black after verification at the Washington Office. 

7841. Fixed Aids to Navigation 

Fixed aids fall into two classes, lighted and unlighted, and their correct respective 

designations are “‘lights’’ and ‘‘beacons.”’ 

In the case of lights, the light sector shall be shown graphically and the limit of 
visibility in miles given, in pencil, if these have been determined during the hydro- 

graphic survey. The characteristics of the lights need not be shown on the smooth 
sheet. 

All fixed aids that have been rebuilt since the date of a previous determination of 
position, whether or not they are reported to have been rebuilt in the same position, 
are relocated by the survey party, but must not be referred to as recovered stations. 
The earlier determinations are lost stations and no reference to them shall be made on 

the smooth sheet. (See also 3831.) 

Where an abandoned light structure is still prominent, its position shall be deter- 
mined. If it is not located by triangulation, nor used as a control station, it shall be 
shown on the smooth sheet as a landmark (see 7844). 

7842. Floating Aids to Navigation 

Floating aids to navigation are divided into two classes, buoys and lightships. 

Their positions are usually determined by the hydrographic party, either by three-point 
fixes or by cuts (see 3832). Standard symbols are used to represent them on the smooth 
sheet (see 784). The small dot at the lower end of the buoy symbol or the small circle 

at the bottom of the lightship symbol indicates the position of the aid. The type of 
buoy should be indicated by the correct symbol, and the number of masts on a light- 
ship should also be indicated by the symbol used. 

The symbol for a buoy is an elongated diamond shape with its longer axis 2.7 mm 
in length and its shorter axis 1.2 mm. The dot is 0.8 mm distant from the shape on 

line with the long axis. 
Buoy symbols are best-made by means of a celluloid template cut to a slightly 

larger size than the above dimensions so that when the pencil outline is drawn on the 

sheet, it will be of the required size. (See fig. 153.) 

7843. Names of Aids to Navigation 

Care must be taken that the aids to navigation are identified by their correct names, 
which in all cases shall be assumed to be those given in the latest edition of the Light 
List. (See fig. 169.) 

(a) The Light List names of all aids to navigation must be shown on the smooth 
sheet. If the aid has a station name which is identical with that given in the Light 
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List, it shall be shown in accordance with 744. If an arbitrary station name has been 
used in the hydrography, the Light List name shall then be added in red, upper and 

lower case, slanting letters, in parentheses, immediately below or adjacent to the 
station name. 

There are also frequent cases in which the position of a fixed aid has been deter- 
mined in the past and it is designated in the triangulation records by a name differing 
from the correct one. Insuch cases the name, as given in the Light List, shall be shown, 

immediately followed by the incorrect name and date of location in parentheses. 
Example: Bay Shaft Light SAND POINT LIGHTHOUSE, 1887). 

(b) Beacons, where shown by chart symbols, should be identified by their numbers 

only, thus: No. 31, with the number underlined in blue where located by sextant. 
Where they are shown by control station symbols, the designation should also indicate 

the color of the beacon. Example: (B Bn No 31). This should be placed immediately 
below the station name, and in parentheses. (See fig. 169.) 

(c) Buoys do not ordinarily have station names, but they must be identified by 
their classification and number placed immediately adjacent to the symbol. Examples: 

IIL2Z1C'S,.S:3, ete, 
(d) Where the position of an abandoned light structure is shown, the name must 

be followed by the word ‘‘unused”’, in black ink and in parentheses, to show it is not 
in use as alight. Hzample: BIRD ISLAND LIGHTHOUSE (unused). 

(e) The size of the lettering to be used for names of aids to navigation should be 
somewhat smaller than that used for station names (see 744). 

7844. Landmarks 

A special report on recommended landmarks for charts is required on Form 567 

(see 8534). Each landmark, so reported, that is within the limits of the topographic 

or hydrographic survey must be plotted on one or the other of such sheets. If a land- 
mark is located by triangulation, the triangulation station symbol shall be used; where 
located by topographic or hydrographic methods, control station symbols should be 
used if the objects were used as control stations during the hydrographic survey; other- 
wise, the landmark symbol, a small black ink circle, 2 mm in diameter, should be used. 

If shown on the topographic sheet, it is not necessary that it also be shown on the hydro- 
graphic sheet, if it is not otherwise heeded thereon. It is probable that most of the land- 
marks so reported will have been used as signals to control the hydrography, and 
therefore, will be indicated by station symbols with their corresponding station names. 
To identify these as recommended landmarks, the landmark name as reported on Form 

567 shall be shown in black ink and in parentheses after the station name, and the word 
“Jandmark”’ in black ink shall be placed in parentheses below the station name, accom- 
panied by the elevations (also in black ink) of the landmark above the ground and 

above mean high water, if these are known. (See fig. 169 and 8534A.) 
The hydrographer frequently determines that certain large buildings and struc- 

tures, not recommended by the topographer, are suitable for landmarks. If these 
have not been used as signals they should be plotted on the hydrographic survey, the 
position of each being indicated by the landmark symbol, accompanied by the land- 
mark name (also in black ink) as reported on Form 567. The word “landmark”’ and 
the elevations should be given as required above. If in a large structure, a definite 
part such as a spire or cupola, is recommended as a landmark, it is necessary that the 
smooth sheet show its position relative to the remainder of the building (see fig. 155). 



7845 HYDROGRAPHIC MANUAL Paces 742 

It is particularly important that the elevations of landmarks be known both 
above the ground and above mean high water, and the legends must make these eleva- 
tions clear. They are necessary for the charts and for the Coast Pilot. 

7845. Ranges, Bearings, and Sailing Lines 

All ranges, bearings for clearing dangers and other purposes, and recommended 
sailing lines on courses or ranges, shall be shown on the smooth sheet in pencil where 

they have been determined by the hydrographic party, and the followimg symbols 
shall be used: A range shall be shown as a broken line of short equal dashes; a bearing 
shall be shown as a dotted line; and a recommended sailing line shall be shown as a 
continuous line broken at irregular intervals so as not to be drawn through soundings 
(see fig. 169). It should be noted that that part of a range line which is to be followed 
by a vessel is a sailing line and should be so symbolized. The objects which determine 
the ranges or to which the bearings apply shall be correctly shown and identified, and 

the names of the objects and the purpose of the range or bearings indicated in pencil 
along the lines. (See 356.) 

Where a range (indicated by brackets in the Light List) formed by two lights or 
by two beacons, is located within the limits of the survey, there are specific instructions 
for the determination of its azimuth by the survey party (see 3833). Only if the 

azimuth has been determined by the hydrographic party shall this line be shown on the 
smooth sheet. The instructions for such locations call for obtaining strong sextant 
fixes on the range at a sufficient distance from the front range mark to produce a long 
azimuth line for accurate scaling. In the case of ranges established at an entrance for 
use in crossing a bar, a sextant fix should be obtained on or outside the bar. These 
fixes are indexed in the Sounding Records and must be plotted accurately on the smooth 
sheet. From these plotted positions the ranges are penciled. The azimuths are then 
scaled by protractor and noted in pencil along the range lines. 

7846. Overhead Clearances 

Bridge clearances and the clearances of overhead cables are important to naviga- 
tion and should be shown on the smooth sheet for the information of the chart com- 
piler. They should be left in pencil by the field party. 

a. Bridge clearances —The vertical and horizontal clearances should be given for 
all bridges over navigable waters if such information has been obtained (see 3836). 

Where a discrepancy exists between the field data and the data given in the “List of 

Bridges Over the Navigable Waters of the United States,”’ published by the United 
States Corps of Engineers, the field data should be given on the smooth sheet, but 
attention should be called to the discrepancy in the Descriptive Report (see 842P). 

The notation on the smooth sheet should include the name of the bridge, if it has one; 

the type of bridge, whether fixed, draw, etc.; the horizontal clearance in feet; and the 

vertical clearance in feet above mean high water. The note should be in the form shown 
in figure 171. 

b. Overhead cables.—The locations of all overhead cables, transmission, telephone, 

or telegraph, over navigable waters shall be shown on the smooth sheet by dash pencil 

lines in a manner that will interfere least with the plotted soundings. The note on 

the smooth sheet should state “‘overhead cable’”’ and should give the clearance in feet 
at mean high water (see fig. 171). 
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STATIONS: 

Triangulation and traverse ....-- yAN VALES, 1942 Arbitrary name assigned LAN K | M (BERT; 1942) 

Marked aes alah aS, LICK (marked) Topographic Phone) Sow 

Hydrographic and ordinary buoy ©) C O D Spotted from photographs 6) Cu p 

R. A. R. and sono-radio buoy ES AU In water area (description) Oo Far (temp pile) 

Tide RNG ene ®) Tide Station Currents =~. eee (@ Current Station 

SHORELINE: 
. i Fast, solid land Marsh, swamp,and mangrove 

From topographic or air photographic Survey (0.4 1), ) ems en (0.2 mm.) 

Revision by accurate methods (0.4 mm.) --------———— —— — em ene (0:2'inm). —— + 

Revision sketched by hydrographer (0.4 mm.) ----.---- me eee ee ee 02 nn) ——_—E SSS 

Piers and waterfront areas (0.4 mm. and 0.2 mm.) ——— 1 Ss fo 

LOW-WATER LINE: 

Zero depth curve from reduced soundings = $$. Rodded by topographer at low water .——-—_. _—§.- —_. —__. 

Sketcheadlfromumyd rag cap inc iclatel sae eee a eee es sy Sketched from topographic data ,.eecssese @** visiceiaisiesle sieteteens 

ROCKS: Bare @. (shape or dot) eT ee ee eS es Sunken 22-2...) ee ie 

Awash, individually located by topographer Oe Sunken, individually located by topographer +: 

Awash, individually located by hydrographer ie Sunken, individually located by nero 

(in pencil on smooth sheet, inked at Washington Office only 

AIDS TO NAVIGATION: 

Lighthouse — name from Light List -.._..._...- 7s Bay Shaft Light 

and (from list of geographic positions) 2 (SAND POINT LIGHTHOU SE ’ 18 87) 

Ste eat ee ee Z\ BIRD ISLAND LIGHTHOUSE, 1857 (unused) 

Beacons used as station © Win © Low 

— topographic location (B Bn No a3) (R Bn No 32) 

not used as station A No 5 53 A No 32 

used as Station ©) Oa k ‘3S Moo 

— hydrographic location (B Bn No 33) (R Bn No 32) 

not used as station AX No 33 A No 32 

Buoy — (hydrographic location identified s GC 3 5] 8 N 32 

by position number) 

LANDMARKS: 

Used as control station A. ah SOLAN hehe © TAX (STACK, white, concrete) 
(landmark: 102 ft. above ground, 134 ft. above MHW) 

Not used as control station. sss CUO TANK, ELEVATED (Country Club Hills) 

(landmark: 60 ft.above ground, 241 ft. above MHW) 
MISCELLANEOUS: 

Offshore limit of breakers (in pencil) breakers Rangeline: (inipéenc) =a Eddies © © 

Recommended sailing line (in pencil) 34 a ee Bearing line (in pencil)... eeeecccees Tide rips = 

FIGURE 169. — Special symbols for use on hydrographic sheets. 

(These are in addition to and are sometimes used instead of those 

shown in figure 189). 
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7847. Cable Crossings 

The shore ends of submerged cables shall be shown on the smooth sheet by dash 
pencil lines indicating the general direction of the cable. Each end should be marked 
“submerged cable”’ (see fig. 171). 

785. SYMBOLS FOR SMOOTH SHEET 

The symbols to be used on the smooth sheet are generally those used on the charts 
which are illustrated in figure 189. It is not necessary that the symbols on the smooth 
sheet be as perfect as those on the charts, nor that the drafting be as artistic (see 721). 
Slight modifications in the direction of simplicity may be made, the important thing 
being that they convey the information neatly and unmistakably. 

There are certain exceptions to the use of chart symbols for smooth sheets, and 
these have been discussed in detail in preceding paragraphs. Examples of this diver- 
gence are the depth curves, which are shown in color on the smooth sheet but are sym- 

- bolized on the charts; and lights and beacons which are almost invariably shown by 
their station symbols rather than by the chart symbols. 

Figure 169 illustrates the symbols and lettering to be used on the smooth sheet, 
which differ from the symbols used on the published charts. 

786. MISCELLANEOUS DATA 

In addition to those mentioned heretofore, as many of the following details as have 

been obtained by the field party shall be shown on the smooth sheet. They should be 
left in pencil unless otherwise noted, to be subsequently inked at the Washington Office 
after verification. 

7861. Tide Rips 

These occur in places where strong currents are found and are usually encountered 
in the vicinity of shoals or where the bottom is uneven. <A knowledge of these is of 
importance to the mariner and they should be shown on the smooth sheet either by 
legend or by symbol and legend, and qualified as heavy, moderate, or light. Where the 
feature is extensive, the approximate limits should be outlined and an appropriate 
descriptive note added. 

7862. Breakers and Shoal Areas 

The limits of breakers, whether offshore or alongshore, should be shown by a dash 
line with the notation ‘“breakers’”’ added. Where cuts are taken to single breaks, their 
intersection should be indicated by the sunken-rock or rock-awash symbol, as the case 
may be. If there are no rocks, the spot should be encircled with a broken line enclos- 
ing the word ‘‘breakers’’. 

Shoal areas covered at the sounding datum, over which sounding lines have not 
been run, should be outlined with a dash line within which the estimated depth is 
inserted. 

The low-water limits of shoals, bars, mud flats, sand banks, etc., that bare at the 
sounding datum but which have not been accurately surveyed, should be taken from 
the best available source and shown on the smooth sheet in accordance witb 754. The 
estimated height above the sounding datum should be given if available. 
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7863. Marine Vegetation 

The limits of grass and other marine vegetation extending near the surface must 
be indicated. Wherever a distinctive symbol has been adopted for such vegetation it 
should be used, except that limits only of extensive beds should be outlined by symbol, 
the character of the vegetation within being indicated by appropriate legend. 

The symbol for grass or any other land vegetation should not be used to represent 
marine growth. If the bottom is grassy, the standard bottom characteristic abbre- 
viation for grass should be used. 

7864. Kelp 

Kelp is one of the most important of the seaweeds encountered on a hydrographic 
survey and should be indicated on the smooth sheet wherever located. One of its 
principal characteristics is that it generally grows in rocky bottom and for that reason 
its presence indicates a possible danger. This is particularly true in Alaska where the 
only indication of many submerged pinnacle rocks may be a strand or two of kelp. In 
exposed waters kelp may grow in depths of 9 or 19 fathoms and in protected waters it 

may grow in even greater depths. Dead detached kelp should not be confused with 
live kelp attached to rocks; the former floats on the water in masses, while the latter 
streams away level with the surface. (See also 36230.) 

Kelp should be shown by symbol where the patch is a small one. Only the limits 
of extensive beds need be delineated by symbol, the remainder being indicated by 
appropriate legend. Where the kelp is towed under at certain stages of the tide such 
information should be added to the smooth sheet. 

7865. Tide and Current Stations 

The locations of all tide and current stations shall be shown on the smooth sheet 

by blue circles, slightly larger than a hydrographic station symbol, accompanied by the 
name ‘Tide Station’ or ‘‘Current Station” lettered in blue. 

7866. Wire-Drag Finds and Clearance Depths 

Where a contemporary wire-drag survey has been made, all drag finds, including the 
bottom characteristics, should be transferred to the hydrographic sheet in green ink and 
in the same depth unit as the soundings. Where a wire-drag examination has been 
made to determine the least depth on a shoal or obstruction, the least depth found (if 

less than that of the hydrographic survey) should be plotted in pencil, and a note with 
a leader added giving the least depth with position number and day letter, and the 
clearance depth obtained. 

7867. Ferry Routes 

Each ferry route should be shown by a single dash line representing the actual 
route as nearly as it can be determined without sextant angles. Each terminus should 
be marked ‘“‘ferry.”’ 

7868. Wrecks 

Within the area of the survey, wreckage not afloat is located and should be shown on 
the smooth sheet in accordance with the symbols shown in part ‘“‘O” of the Symbols and 
Abbreviations chart (fig. 189, part 1X). Wrecks are of two kinds, stranded and 
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sunken, the former applying where any portion of the hull is above the sounding datum, 
while the latter applies to those with less than 10 fathoms over them or where the masts 
only are visible. The topographer, presumably, will have located all stranded wrecks, 
and these will be transferred from the topographic sheet to the smooth sheet along with 
the other topographic information. Sunken wrecks are located by the hydrographic 
party and their positions must be plotted from the data in the Sounding Records. It 
should be noted that the symbol for a stranded wreck differs from that for a sunken 
wreck, and that where masts are visible in the latter case, the notation ‘“‘masts’’ must 
be appended to the symbol. 

A special symbol is provided for use in showing the depth by which a wreck or 
other obstruction has been cleared by the wire drag. 

Where there are a number of wrecks, or an amount of wreckage, so extensive that 
the individual items were not located, the outer limit of the dangerous area shall be 
indicated by a dotted line within which the word “wreckage” is shown. 

7869. Obstructions 

A variety of obstructions which may be dangerous to navigation is encountered in 
hydrographic surveys, all of which must be shown on the smooth sheet. If the obstruc- 
tion has not been cleared by the wire drag, it is indicated by the least depth obtained by 

other methods, surrounded by a dotted circle, and accompanied by the word “‘obstruc- 
tion” or its abbreviation. If the obstruction has been cleared by the wire drag, a spe- 
cial symbol is provided which shall be used to indicate the safe depth of water over the 
obstruction (see part ‘O”’, Symbols and Abbreviations chart, fig. 189, part TX). 

787. GEoGRAPHIC NAMES 

7871. Authority of the Smooth Sheet 

The hydrographic survey and, therefore, the smooth sheet shall be the authority for 
all geographic names of hydrographic features, such as channels, sloughs, rivers, inlets, 
reefs, rocks, shoals, and of topographic features offshore from the high-water line, such 

as small rocks and islets. Even if the topographer does obtain and verify a portion of 
these names, the hydrographer is responsible for their correctness and their correct 
placement on the smooth sheet. In addition to the above names, the names of some of 
the more prominent topographic features should be added to assist in correlating the 
hydrographic survey to the land features. (See also section 16.) 

Although not all geographic names may be charted, it is desirable that all features 
for which there are local names be named on the smooth sheet. These should be distinct 
names applicable to definite places or areas. Where names are indefinitely applied, it 
is best not to show them on the smooth sheet, but they should be mentioned in the 
Descriptive Report. It is incumbent on the smooth-sheet plotter to take extreme care 

that the names are spelled correctly and that they are applied to the correct features. 

7872. Placement of Names 

Geographic names should not be added to the smooth sheet until after the posi- 
tions and soundings have been plotted. They should be placed so as to indicate 
clearly and without ambiguity the features designated. Where it is impracticable to 
place the names closely adjacent to the features, they may be placed some little distance 
away and connected to the respective features by leaders or arrows. 
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Geographic names must not obscure nor confuse the soundings. On an inshore 
hydrographic survey, it is generally necessary to place all the topographic names and 
many of the hydrographic names inshore from the high-water line. This is especially 
important in the placement of the names of small streams, sloughs, and inlets. Where 
names have to be lettered in the water areas, particularly in very congested areas, a 
judicious placement of the name and spacing of the letters will often avoid obscuring the 
hydrography. In such cases the lettering may be spread out or closed up as the con- 

ditions require. 

Geographic names should be oriented on the smooth sheet so as to be read from the 

south regardless of the direction of the projection on the sheet (see fig. 170). Most 
names should be lettered in a straight line parallel to the parallels of latitude and, if 

North North 

FIGURE 170.—Orientation of names on survey sheets. 

practicable, placed immediately east of the feature named. Where it is necessary to 
place a name on a curye, the beginning or end of the name should be nearly parallel to 
the parallel of latitude. A name should not be lettered on a reverse curve. Most 
preferable is a compound curve with the flat part of the curve as nearly as practicable 
parallel to the parallels of latitude. 

If the geographic feature to be named covers a considerable area, as an island or 
bay, the name should be placed preferably in the approximate center of the area. It 

should extend across the longest part of the feature and, if practicable, should follow the 
general curvature of the feature. Such names should never extend beyond the limits 
or even close to the limits of the feature in question. If the name is composed of 
several words they should not be too widely separated in order to extend the full length 
of the feature. Instead the name should be repeated a second, or even a third time. 

Where it is necessary to letter a geographic name along a perfectly straight feature, 
such as a boundary line, railroad, or channel, that does not extend east and west, the 

following rules should be followed: 

(1) Where the direction of the feature is from east of north to west of south, the name should 

begin at the southern end and extend toward the northern end. 
(2) Where the direction of the feature is from west of north to east of south, the name should 

begin at the northern end and extend toward the southeast. 

(3) In the rare case of a feature whose direction is exactly north and south, the beginning of 

the name should be at the southern end and extend toward the north. 

7873. Lettering Geographic Names 

All geographic names on the smooth sheet shall be left in pencil. They shall be 
made with single stroke capital letters. The names of the topographic features, 





Valley Road|Bridge 
p3e lift bridge 

PAVILION, N. TOWER, 1889-1941 

PAVILION, S. TOWER, 1889-1941 

temporary stake 

1 8 10 6:7 8 8, 99109 8p, 
6 8 Stk IG 10,72 |-] 09 

"% 9 10.10 10 ZION we As 
M u rk iG 

103 aD 9 

: 2g) fej fe) (ieee 3N7 8 8 8 10 ie isuals 16 

$ 

2 

12 
ae 
2 | 

1g20),, '6 45f 96 

23° | 

2l 

8 7 
12. Ihe I 

[62 oth 

i 16 

10 

Z\ TANBARK CO., TANK, 1941 
(TANK, steel) 
(landmark, 8Oft. above ground, 

l2\ft. above MH W 
Ge ) RUN (ruins) 

FIGURE 171. Section of completed smooth sheet (reproduced at actual scale) 

(The black 24- and 86-foot curves represent pencil lines.) 



© BUILDING, west gable : 

(landmark, 35ft.above ground, 187 ft.above MHW) 

Z\ GREEK, 1941 

32 ; \ 5 ae 
32 22 (9 vere 

32 ©) Gurrent Station \ 4% 2) 
31, 245s I8se\ 10> 4 Nis 

3365 <n \ 
32 27 1 5 aN 

. ie 

ae . 34 34 ; IS\7p, 8 
0 \ 

27 26 25 2! 33 36a: 26 719 Thess a \ A A ima ee ea ae PA ANG Na tes hoe 
ey, Bs 5 “ior Silme sees a ee Fee ee 

30 ‘ 2 I 6! ~ 

SSE ee ere 33 332 26 10 
32 aol 3 32 3! Bly, 32 302 33 a 37 35 44°30 24 18: 18.17 13 12 WW 10, 

Body, 323. | 3g «| 134 33 22 8 
34 6: 32 20; 

36 35 36 35 aoe 
35 an ag 62 aa 20 

38.25 375, 37 49 37 

»\ 
Iza / / 

s 

/5 3 3 
s 

: 37 36 aif 18 Sep 
JOINS H-6300(/935) ee ig 134 

FIGURE 171. Section of completed smooth sheet (reproduced at actual scale). 

(The black 24- and 36-foot curves represent pencil lines.) 

Riot (target) 

DIP 
R Bn No 34) 

Gee 



A ie a eee ee et ee 20 ioe, 
a . 

a 

“ a1 i 

i 
ay = iz ly Fy ¥ 

ee ee 

hue Li 

ay ny 

hie 4 : 
“ ee ; ’ ™ .. 

j \ | ia a 

ie os ae ~~ vb th 

Le —- 7; . ie La 

- {ee wnr,f - 

q ! = ———— ag ie: P 7 a 

Oe an. | 
se } 

* é 

re AoMote los 

fi 

x v4 A 
& / 

me 

h ” aera 
pu » FS * J * ; 

; ‘ ; 
— ‘ 

sf i a an ie 7. 

i ‘ 
4 

? ! ¥ 

‘ 

[ \ 
5 

a4 

} 

; 4“ i 

4 

y Ke 

“et aM 

a % 
-, Nisa 

. f ¢* i 
' Y¥ ahr? 

= ¥ & . Me 

4 
; 5 7 

a“ 

orn Se Se D Ving 

— 
ee: 

\ 
: iis «6 

tle . pdr Yan hy WW OP 

' nay | aw id -“ » BY i ? an 4 ody a 

Pigott) aaa Peg OY 
; a: 

tie 

a a! . nae 
4 wm 4's 2 eee 

Watt thw hale oS re 

adh cals OP Rue 1 et a 
“ J oan 

; ad 

aw — ‘ evr! 
' ss ‘4 

Ding . byt oe 
~ a*® = 1p oe wan 

\ 4 4 
1 i ae 

‘ — 



Pace 747 THE SMOOTH SHEET 7874 

which in general are the names of everything above mean high water, shall be vertical 

letters. The names of the hydrographic features, and in general of all features below 

mean high water, shall be lettered in slanting letters. In the latter classifications are 
included, of course, shoals, reefs and banks, rocks awash, and sunken rocks. 

The names of the most minor features on the smooth sheet shall ke lettered in 

characters 0.1 inch in height and this height shall be increased according to the impor- 
tance of the feature to a largest permissible height of 0.25 inch. For an equal impor- 
tance of names it is essential to remember that slanting letters should be slightly 
smaller than vertical letters because an optical illusion makes the same size of vertical 
lettering appear slightly smaller. 

7874. Inking Geographic Names 

Geographic names must never be inked by the field party or by the Processing 

Office. This is done in the Washington Office after the geographic names have been 
reviewed and approved (see 9321). The inking of the geographic names of hydro- 

graphic features is often deferred until after the soundings have been verified and inked. 
All geographic names are inked in black using a mechanical lettering set. 

788. Limits oF ADJOINING SURVEYS 

The limits of adjoining surveys or the overlapping soundings must not be shown on 
the smooth sheet by the field party. (See 3233 and 3256.) These will be added in 

the Office at the time of verification. However, it is incumbent on the smooth-sheet 

plotter to make a comparison with the overlapping soundings on adjoining surveys in 
order to determine whether holidays, or excessive differences exist, and to permit 
the drawing of the depth curves in the area based on all soundings obtained. The 
comparison is also necessary as a basis for information required to be included in the 
Descriptive Report (see 842./). 

Comparison is best made by tracing the overlapping soundings of one survey and 
superimposing the tracing on the other. Where adjoining surveys are on different 
scales, the soundings on the smaller scale should usually be superimposed on the larger 
scale. The tracings, properly labeled, should be forwarded to the Office with the smooth 
sheet. 

79. THE COMPLETED SMOOTH SHEET 

The completed smooth sheet shall be considered the authority for the hydrography 
and for the topographic details within its limits offshore from the high-water line 
(see 75). The smooth sheet as submitted by a field party or by a Processing Office 

should be complete, except that certain portions are left in pencil for inking after 

verification in the Washington Office (see table 28). After the sheet has been inked 
and reviewed there should be no necessity for reference to either the Sounding Records 
or the boat sheet, or to any other records, in order to interpret the data shown thereon. 
(See fig. 171.) A smooth sheet is, of course, supplemented by information in the 

Descriptive Report of a nature which cannot be shown easily by graphic means (see 
section 84). 

The Chief of Party must supervise in a general way the preparation of the smooth 
sheet to assure himself that it is being done in accordance with standard practice. 
If the plotting is executed while the party is still on the working ground, he shall take 
special care to see that any errors, omissions, or discrepancies in the field work are 
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corrected in the field. On completion of the sheet he shall make a final inspection of 
the sheet and all the accompanying records and shall report this fact, with his approval 
(see 7941). 

791. COMPLETION OF THE SMOOTH SHEET 

To assure completeness of the smooth sheet, constant checking is necessary through- 
out its production. Much of the work done on the sheet is self-checking and it is the 
duty of the smooth-sheet plotter to check his work as he proceeds. However, certain 
specific steps mentioned in this Manual do require verification (in the field) by a person 
other than the plotter (see, for example, 746). 

After the plotter has completed the routine work on the sheet, it must be inspected 
thoroughly and special attention given to those parts of the work which are not routine, 
such as comparison with the Sounding Records and the boat sheet (see 7911 and 7912). 

7911. Details From Sounding Records 

The completed smooth sheet should depict graphically all the information which 
has been entered in the Sounding Records. To assure that this has been done, a system- 

atic page by page comparison with the Sounding Records shall be made after comple- 
tion of all the plotting. Special attention should be given to all entriesin the ‘‘Remarks”’ 
column and to all other entries that are not routine, such as cuts to rocks and aids to 
navigation, and notes relative to the distance the sounding vessel passes any object. 
Each detached position should also be verified in order to ensure that it has been 
plotted and-that the correct depth has been shown. 

7912. Details From Boat Sheet 

The boat sheet often contains supplemental details and notes which are helpful 
in interpreting the Sounding Records and all of these should be considered in connection 
with the smooth sheet. Occasionally, the boat sheet is the sole source of rocks, breakers, 

or kelp, but such information should be used with discrimination. It is incumbent on 

the plotter at this time either to transfer this data to the smooth sheet or to void it 

by deletion or by indicating on the boat sheet that it is valueless. 
As part of the smooth-sheet inspection, a detailed systematic comparison should be 

made with the boat sheet, in order to ensure that all essential information has been 
transferred to the smooth sheet. It is important that hydrographers in the field 
realize that after review of the smooth sheets in the Washington Office, the boat sheets 
are retained only a short time before they are disposed of. 

7913. Importance of Clarity 

It is important that the completed smooth sheet is clear and legible and that no 
information thereon is indistinct or ambiguous. (See 721.) The most important 
features on a smooth sheet are the locations of and least depths on shoals. Before 
submitting the sheet to the Washington Office, the smooth-sheet plotter should verify 

these items. The least depth on any shoal should be apparent at a glance without the 
necessity of a minute inspection of the area, and should be emphasized according to 7753. 
If for any reason an important feature is obscured or shown in a manner that there is 

risk of its being overlooked, a note should be added calling attention to it (see 7914). 

Dangers and shoals should be emphasized and it is more important that they be shown 
with distinction than that a routine symbolization be followed. 
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7914. Use of Leaders 

Explanatory notes are occasionally used on the smooth sheet to avoid possible 
misinterpretation of the data (see 781). In order that these may be placed where they 
will least interfere with the hydrographic data it is often necessary to use a fine leader, 

or arrow, leading from the note toward the feature to which it refers. Such leaders or 
arrows are frequently of advantage to emphasize the least depths on shoals (see 7753). 

7915. Removal of Temporary Notes 

All temporary pencil notations made on the smooth sheet during the plotting, 
should be removed before the sheet is transmitted to the Washington Office. 

7916. Initials of Plotter and Verifier 

During the construction and plotting of a smooth sheet various specific steps are 

performed. The records must show clearly responsibility for each step, whether it is 
of plotting or verification. Rubber stamps are provided for this purpose. Stamp No. 
42, Hydrographic Survey, is placed in the lower right-hand corner of the smooth 
sheet and the initials of the plotter and verifier of the phases of work indicated thereon 

must be appropriately entered (see 746). Rubber Stamp No. 38, Processing, (fig. 183) is 
entered in the Sounding Records at the end of each day’s hydrography, and the plotter 
must enter his initials in the appropriate spaces using a pencil of the same color he 

used to checkmark items in the Sounding Records during the protracting and plotting | 
of the data (see 76 and 773). 

792. SCHEDULE OF PENCILED AND INKED DETAILS 

For the guidance of the smooth-sheet plotter, table 28 lists the various details 
that are to be shown in pencil and in ink on the smooth sheet when it is forwarded 
to the Washington Office. It is to be noted particularly that practically all the 
topographic information offshore from the high-water line is to be shown in black 
ink if it originates with the topographic survey and has been verified by the hydrog- 
rapher, but like information originating with the hydrographic survey is to be left in 
pencil. 

793. Recistry NUMBERS AND TITLES 

At the beginning of each field season each survey sheet is assigned a temporary field 
number by the Chief of Party (see 1541 and 3213). These field numbers are used for 
reference purposes during the early part of the season, but are subsequently replaced by 
permanent registry numbers assigned by the Washington Office. The registry number 
should be available on completion of the smooth sheet, and if so, this number should be 

shown in pencil on the back of the sheet in the middle of each end, with the corresponding 
field number just above it. The registry number should be used in referring to the 
smooth sheet or to any of the records pertaining thereto, after it is available. (See 1542 
and 1543.) 

After the smooth sheet is received in the Washington Office and registered, it 
becomes a part of the permanent archives, and thereafter is never taken from the 
Washington Office. 
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The title of the hydrographic survey must not be penciled or inked on the smooth 
sheet by the field party. This is accomplished in the Washington Office. However, 

the information necessary for the title is reported on Form 537, Hydrographic Title 

Sheet (see 8412). 

794. FINAL INSPECTION 

After completion of the smooth sheet the plotter should inspect the entire work 
thoroughly to make sure there are no errors, omissions, or discrepancies, and that the 

style and appearance conform to the standards prescribed in chapter 7. He should 
also assure himself that all temporary notes have been removed (see 7915) and that the 

initials of the plotter and verifier have been appropriately entered on the smooth sheet 
and in the Sounding Records in the stamps provided for that purpose (see 7916). 

If the hydrographer who was in actual charge of the field operations can do so, he 
shall inspect the smooth sheet and make a thorough comparison with the boat sheet, to 
assure himself that the smooth sheet is complete and accurate, and that it delineates 
clearly the results of his field survey. Because of his intimate knowledge of the area, 

it is always possible that his inspection may disclose an erroneous interpretation made 
by the plotter. This is particularly true in the case of rocks, shoals, breakers, and 
so forth, for which the information in the Sounding Records is sometimes inadequate 

or ambiguous. 
7941. Final Inspection by Chief of Party 

After the completion of the smooth sheet, and before it is transmitted to the Wash- 

ington Office, the Chief of Party shall inspect the sheet and all of the records. He shall 
also furnish on a separate sheet of paper as part of the Descriptive Report a statement 
to the effect that the sheet and accompanying records have been inspected by him, and 

are approved. (See 8437.) 

795. PrincreAL DEFICIENCIES OF SMOOTH SHEETS 

In the past, hydrographic smooth sheets received in the Washington Office, have 
occasionally been found deficient in various respects, and to assist in eliminating these 

in the future a list of principal deficiencies is furnished herewith. This is not intended 
as a complete list of all of the deficiencies, but it does contain those which cause most 
trouble during the verification and review. 

(a) Positions have been incorrectly plotted due to the use of a protractor out of adjustment. 

(b) Incorrect spacing of soundings; omission of soundings from a failure to utilize properly the 

space available; insertion of soundings not recorded in the Sounding Record, 

(c) Omission of too large a percentage of the recorded bottom characteristics. 

(d) Excessive size or careless lettering of position numbers and day letters; very infrequently 

making their size too small; careless placing of them. 

(e) Positions plotted with angles differing from those in the Sounding Record with no correction or 

note having been made in the Record. 

(f) Certain notes in the Sounding Records have been ignored. 

(g) Soundings penciled in a straight line between positions where the vessel followed a curved 

path. 

(h) Limits and numbers of adjoining sheets shown in ink (these should be omitted entirely). 

(7) Geographic names inked (these should be left in pencil). 

(j) Failure to check and investigate depths which appear erroneous, or excessive differences at 

crossings. 
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(k) Inaccurate transfer of the shoreline from the topographic survey. 

(1) Failure to have some of the operations checked, or failure to enter in the place provided the 

initials of the person performing or checking the operation. 4 

(m) The use of too hard a pencil. 

(n) The omission of a reference triangulation station and the geographic datum. 

(0) The omission of the minus sign from soundings above the sounding datum; the low-water 

line incorrectly drawn with reference to the half-foot soundings above and below the sounding datum. 

(p) The omission of important notes which appear only on the boat sheet, having been omitted 

from the Sounding Record. 

(q) Inking the low-water line (this should be in pencil). 

796. SHIPMENT TO WASHINGTON OFFICE 

Completed smooth sheets shall be shipped to the Washington Office only in special 
metal or heavy cardboard tubes, which nay be obtained on requisition. For shipment, 
smooth sheets shall never be rolled to a diameter smaller than 4 inches, and shall be 

forwarded by registered parcel post or express. The boat sheet shall be shipped 
separately. (See also 836.) 

Each smooth-sheet shipment shall be accompanied by a copy of the transmitting 
letter (Form 413), on which it is listed, the original being forwarded under separate 

cover. 
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CHAPTER 8 RECORDS AND REPORTS 

The importance of clear and comprehensive records and reports of a hydrographic 

survey cannot be overemphasized, for the value of a survey, no matter how complete 
and satisfactory the field work may be, is impaired if the records and reports are incom- 
plete, unintelligible, or inadequate in any respect. Satisfactory records can be obtained 
only by the exercise of good judgment and constant attention and care on the part of all 
concerned. 

With the complexity of modern hydrographic surveying the number of necessary 

records and reports has increased; it is no longer possible nor desirable to confine these 
to Sounding Records and a Descriptive Report. It is incumbent on the Chief of 
Party to see that the records are arranged in the most convenient manner for all con- 

cerned, that all necessary records and reports are submitted, and that they are appro- 

priately cross-referenced for easy reference and complete understanding and intelligi- 
bility. All records and reports which pertain to one hydrographic sheet, and one only, 
should bear clearly the registry number of that survey. (See 154.) All records and 
reports submitted on a seasonal basis, or any other basis so that they are applicable to 

more than one hydrographic survey, should bear the registry numbers of all of the 

surveys to which they are applicable; and the Descriptive Report accompanying each 
survey should refer to all of the special, seasonal, or other records and reports which 
contain any data which are pertinent. 

81. SOUNDING RECORD 

The Sounding Record (Form 275) is the most important record connected with a 

hydrographic survey. It is the official record of the soundings, and generally of the 

position data. It should be complete and self-explanatory. From it, sometimes 

supplemented by accompanying records, it should be possible, without difficulty or 
doubt, to replot the hydrographic sheet at any future date. All entries and notes should 
be clearly understandable at any future date, when perhaps radically different methods 
will be in use. 

Form 275, Soundings, is the basic record book for all hydrographic surveys, except 

wire-drag surveys which are recorded in Form 411, Wire Drag, and deep-sea wire 
soundings which are recorded in Form 376, Soundings with Wire. Under certain condi- 

tions, another form of Sounding Record may be used (see 817). Generally the same 
volume shall contain the complete record of time, depth, position data, and miscel- 

laneous entries and notes; although at times, when it is more convenient to do so, the 
position data may be recorded as a separate record. In Radio Acoustic Ranging (R.A. 

R.) the part of the position data consisting of the time intervals and R.A.R. distances is 

always recorded in a separate book, the Bomb Record (see 8311). 

The sounding of each hydrographic survey unit shall be recorded chronologically 
in a separate series of volumes (temporarily consecutively numbered) for each hydro- 
graphic sheet. Under no circumstances shall hydrography to be plotted on two or 

more hydrographic sheets be intentionally recorded in the same volume. 
465382—44—49 



81 HYDROGRAPHIC MANUAL Paae 754. 

If more than one hydrographic survey unit surveys in an area covered by a single 

sheet, a temporary series of numbers shall be used by each unit that uses more than one 
volume; except that a small amount of sounding, such as the development of a shoal 

Form 275 
Locality Sublocality 71 

SOUNDINGS Sa) tees katroon Bay 
_ LAUNCH NO. 2 Year 19 Month OCT 18 1941 Day of Month __ Boat used 

ANGLES AND RANGES 

= . I BEARINGS 
. A rear nnn Ps LOG READINGS 

ENGINE REVOLUTIONS 

REMARKS 

Only one < avatlable, See 

BS. Line ends 30m. 

ff shingle beach. 

mee ae E 

ver. by seadsiman 

439 Ban 67/15 

Be: 

S change sounding jaterval 

Reduce speed 

¥* 
cor by seadsman af once. 

t Kelp 20m. te pork: 

L aS: for wire 

soundings. Sheave No.3 

(Note changed utts > 

|c42 Ban 

sil F¢g 

Gag Weg 47/0 

zs 

2 

<42.s7 08: “| IZ \ 5S 1/2 7 | Z Fe 06| cor. samediately 

ah 40 | 

sf 29:00 | 22 | : Zi \we2ne27: * Wire heading about /§° aff 
| 

FIGURE 172.—Record of handlead and wire soundings—sextant fixes. (Double page of Sounding Record reduced about one-half.) 

by a launch in an area surveyed by a ship, may be recorded in a ship volume, if more 

convenient. 
The record must be unmistakably legible. Fine lettering is not required, neither 

is it necessary to print in making entries, but it is essential that every numeral, abbrevia- 
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tion, and word be clear beyond any doubt. The work must be recorded in a systematic 
manner and, insofar as possible, in the form prescribed in this Manual. A 3H pencil 
is usually preferable for recording, although in damp weather a 2H sometimes gives 

better results. 

Form 275 
Locality Sublocality 59 

SOUNDINGS GULF OF MAINE Downeast Bay | 

Year 19 Month _1Ut 10 1942 Day _of Month Boat used COWIE 4 Aine 3;_K day 

=| CORRECTIONS REDUCED SOUNDINGS = a = 

(l= | rm | HEADING CEEOL 

== SS = ema tee Le fet as a Steering RGRE SSR SaNS a 

eee calebed —tadatet 11 — 87 
eyo 57 Pelleoe|— tails P| 

—pavedsotet | tester Ft 
ae : 5/| 2 hrd §| 4 Mew 80 sone Gene 
a ie Cow (Ee 
| 2.) ae Geld | Gap 56 3/ Angles reversed 

pee 
SL Index set correct 

et No. 35 | 

| ace bee ———— of at 277 

Pes es[eai | eS ee 
a are Ae : s | eS: 

a 5 —= |S ee 
har 
[ae 
(Sas | | 

oo 
oar’ = 

ose ee a 
| <as _|/3-5:00|| v6| 6 | 0 8.8 
= | 

20| 7e| 8 
40 19| 6"| 

46:00|| 20| 6 
20|| 2/| O | 2 | 
30 s9| 5* MeaAe 

6 | a a | 9 

N N 5 8 e QO) <66 Aut~ 53 57 

San 

Split angle 

+fix 5 sec. late 

4] jo 

I 

SES lam -Sap 69 24 

Seeie | a is a 

WAIN aha 

| 
| 
| 4 | | 6 | 

18:00 | sl | ws | 0 
20 | a 13: | 2 

2 aa 7 
ers iat [Ese eT Pl Peery ee eee 

FIGURE 173.—Record of echo soundings—sextant fixes. 

© |p |n |y [nw rN Nv 

HSSSSSESES 

(Double page of Sounding Record reduced about one-half.) 

The record book should be protected while in use by a paper or oilcloth cover. 

A Sounding Record is essentially a time record of a recurring series of acts and 
events, with the occasional interspersion of related material. The record must clearly 
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show the relationship between these acts and their recorded times. Generally each 
entry should appear on the same horizontal line with its respective time, but occa- 
sionally, miscellaneous notes and entries may be made at other places and referred to 
their corresponding times by distinctive reference marks. 

Locality Sublocality 

APPROACHES TO NEW YORK So. of Long /sland 

Month — SEEM 15 1940 Gy of Month iBoatiised OCEANOGRAPHER 

SOUNDINGS \ HEADING ANGLES AND RANGES 
BEARINGS 

LOG READINGS 
ENGINE REVOLUTIONS POSITION NUMBER 

17:52:30 

53:00 || 

SextantiNonssscsassasocete eee 

OK. 
At chronograph 

At sounding mach 

une records inspected: 

James N. Jones (Oticer ialcharee 

Chief of party 

Mt fog 00.66 \ Fog. Speed reduced 

Snes fog signals started 

FIGURE 174.—Record of echo soundings—R.A.R. control. (Double page of Sounding Record reduced about one-half.) 

The approved manner of recording handlead, wire, and echo soundings controlled 

by three-point fixes is shown in figures 172 and 173; and that for echo sounding con- 
trolled by R.A.R. in figure 174. In these figures the limited space available has been 
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conserved as much as possible. In recording hydrography, while space should not be 

wasted, no attempt should be made to save it by crowding the positions and other data. 
In some cases it may be necessary to leave a number of blank spaces between soundings 
in order to provide plenty of room for position data, explanatory notes, ete. 

Recorded data shall never be erased; all corrections shall be made by crossing out 
the incorrect entry and making the correct one directly above or to one side, where it 

cannot be misinterpreted. Entries which are rejected as erroneous shall be indicated 
by an R written boldly over the entry. 

Rubber stamps are provided and must be used for recording nearly all the informa- 

tion required at the beginning and end of the day’s work and for many of the changes 
during the day. (See 813 and 816.) 

To facilitate plotting soundings on the boat sheet a carbon copy of that part 

of each page of the Sounding Record including position numbers, time, and soundings 
is sometimes made on a long narrow strip of paper. This is held temporarily in place 

with paper clips during the recording, and as each record page is completed the carbon 

copy is given to the boat-sheet plotter. 

811. REcORDER’s DUTIES 

The recorder keeps the official written record and notes of the hydrographic sur- 

vey in the Sounding Record, with a few exceptions. A competent recorder must 

be thorough, conscientious, accurate, and not easily rattled by confusion; and he must be 
thoroughly familiar with all phases of sounding and with the requirements of this 
Manual. His principal duties are described in 3414. 

The importance of the duties of the recorder cannot be overemphasized, for it is 
his record that contains practically the entire data of the survey, and any error, omis- 

sion, or ambiguity will almost certainly cause confusion in the subsequent plotting 
and verification of the work and may be the cause of a large amount of unnecessary 

field work. 
The recorder must be certain that he hears and records all data correctly and that 

the record is complete and in accordance with the requirements of this Manual. He 
should repeat all soundings, angles, and other data as he records them and must not 
hesitate to ask for repetition when necessary; he should be particularly careful to dis- 

tinguish 7’s from 11’s, and other confusing numbers (see 4623). The recorder should 
instantly note any unusual occurrences or improbable data and should immediately 
request verification, or report them to the officer-in-charge. An unusual or improbable 

sounding should be checked immediately, and he should usually detect a gross blunder 
in a sextant reading, or an impossible fix. Data which are confirmed should be marked 

with a checkmark (V) or with an “O.K.” 

The recorder should strive to make the record neat and must make it, without 

question, legible. He should never make an erasure, but cross out the incorrect entry. 
Even after a survey has been verified, the Records may be referred to numerous times 

and unless they are kept in a clear and intelligible manner their value in later years 

will be greatly diminished. 
The recorder is responsible for checking the leadline and recording the results in 

accordance with 4622. Rubber Stamp No. 35, Leadline Comparison, shall always be 

used for this purpose. (See also 3414 and fig. 178.) 
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8111. Standard Abbreviations 

Because of the vast amount of recording and the speed which is often required, 
abbreviations for many of the terms and expressions which are used repeatedly are 
advantageous. The list which appears here is to be considered standard. This does 
not preclude the use of common well-known abbreviations which may not be included. 
If the need arises for an unusual abbreviation for a term used repeatedly, but not 
included in the list, it should be explained in the front of sounding volume No. 1 of each 
sheet for which it is used. 

Abbreviations for bottom characteristics are given in part “S”’ of the Symbols and 
Abbreviations chart (fig. 189). 

abbreviation term abbreviation term 

ae Bote Pe eae hes ps no bottom (at 18) 1 Dill Msg) 2 apes os wee van) Le gee line turns right 
Nis thes ee & Bee ee ee missed sounding 

Q- - == ---- 2-2 22222222 ------- Ray angle NENG: 2524 sep yen Speak rey no good 

Q_ .-----------------. ---------- station NE AS et a, ee _____ not plotted 

GO! ae te ye, ee ee es jin range ING EON Se See eee ee se aed no return (R.A.R.) 
lor on range obj__ $555 23. Pi nS TES object 

ah _____ 7 "Saas Gay SE Gao ee ahead o/c So renee & Fan eee on course 

Bi eae: oo a eae boat sheet DORs eer! + buble) ae position 

ele. a Doni tier aia aes 7 aoe utara ot changed COTES DS SiC eee ee SO ee per standard compass 
(C2) Soe eee a oe a ee ee correction Ree rejected 

GiSts ck we erie seat hae Be le distance ee LIL. id UO ieee fehtanele 

any a9 woo nen nnn nnnneanannnne yi reckoning ee we cea eee ______ Radio Acoustic Ranging 
= Meat) =...) ee a ee Boe LE DS DREIG ee Se eee a eee revolution counter 

See roe hisses Pee tosses a= Sareea oor ExDeine ees ae ae? __ revolutions per minute 
ey 5 ecco te ee full speed g — 

= = | atime Sige decree wees” at ae eee Sass Eee ee eee ____ sounding 

(8. --- 2-2 ee een 2-2 na alf spee SIt Gite 2 od Ak ee te AE AAR slow speed 
EN Oe eee hydrography SRB Senos 
iT Set BOER Seats RENE St left angle i em Se Fee ALS, ake Oe stop 

ag Se Ab digas Stpaleee. PISMO NT SOTt starboard 
L. _ PIRIVER IG Ui ee ae ay StiSi- a3 a Jobe nt ETERS standard speed 

a * piece tr: eee. SgSacG f we ee = eee ye Se ae SEA te DSL true (bearing) 

Uy, ~~~ 2-222 22222-22222 leadline ATES E Sek oO OP SEES eee Oe Taut wire 
TsOng SOY) Nis Rss ees eee longitude Nt eee 2 bate oearHenlecaat 
LOR eee oe See Tne oes line turns ee + dia ee’ mirodeae 

line turns left 

812. Pace HEADINGS 

The appropriate entries shall be made in full in the spaces at the top of the first 
and last record page of a day’s work and, if it is divided between two volumes, on the 
last page of the first and the first page of the second volume. The entries should be 
made on each page if this does not preclude the proper recording of more vital informa- 
tion. A dating stamp and rubber stamps with the vessel’s name and the general locality 
may be used to enter these data after the completion of the day’s work, but under 
no circumstances should such information be stamped on pages in advance of the 

recording. 
8121. Day Letter 

For proper identification, each day’s work of each vessel shall be assigned a letter’ 
in alphabetical order (beginning with the letter A and omitting J and O), such letter 
to be entered in color in the appropriate space at the top of each record page. The 
survey ship and each smaller unit shall have a separate series, distinguishing them by 
using capital letters of one color for the ship and lower-case letters and a different color 
for each other yessel—these distinctions to be preserved in the records and on the sheets. 
Two small boats used by the same hydrographic survey unit on the same day need not 
be distinguished. See 3311 for special cases when sounding is continued past midnight. 
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When the alphabet is exhausted, double letters should be used in accordance with 
3311. For colors, blue, purple, green, and red should be given preference in the order 
named. Yellow and black shall not be used. 

813. INFORMATION AT BEGINNING OF Day’s WorkK 

Certain information relative to personnel engaged, instruments used and their ad- 
justments, and other pertinent facts, which are important to a proper understanding 

and application of the records, shall be entered at the beginning of each day’s work. 
Rubber stamps for this purpose have been standardized and shall be used. Entries 
shall be made in every applicable space in each stamp. If, for special reason, additional 
information is believed desirable it should be entered just below the respective stamp or 
in the margin where it will not be overlooked; no important information should be 
omitted just because space has not been provided in one of the stamps. 

If a change occurs during the day to affect any of the information, a new entry 
shall be made. If most of the information in one stamp is affected, use the stamp; 
otherwise make the entry in the ‘Remarks’ column. 

8131. Personnel 

The names of the personnel engaged in the surveying, and the numbers of the mstru- 
ments used by each, shall be entered in the appropriate spaces of Stamp No. 32, Per- 

sonnel (fig. 175). Enter the last name in full, preceded by initials, unless the entry 
is a repetition, when initials will suffice. The correctness of the instruments used 

shall be verified and that fact noted after the number of each instrument. Figure 175 
is a facsimile of Stamp No. 32 with the entries properly made. 

PERSONNEL 

At chronograph.4..F.. Sam 

At sounding mach 

FIGURE 175.—Facsimile of Personnel stamp with entries properly made. 

When the operations are on a watch basis and most of the personnel are relieved at 
regular intervals, the stamp shall be repeated at the change of each watch. For tem- 
porary relief of members of the watch, or when only one person is relieved, appropriate 

notes in the ‘‘ Remarks” column will suffice. 

8132. Sounding Apparatus 

The kind and instrument number of the sounding apparatus shall be entered in the 
appropriate spaces of rubber Stamp No. 33, Sounding Apparatus. Figure 176 shows 
this stamp with properly made entries. All of the apparatus which may be used during 
the day should be entered. 

The calibration velocity of an echo-sounding instrument used shall always be 
entered, as well as the depths of the oscillator and hydrophone or transceiver, the setting 
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of the index, and the registration of the transmitted signal at the beginning of the day. 
Reference shall be made to the pages and volumes where bar checks (see 557) and speed 
counts (see 555) applicable to the day’s work are recorded. 

When a sounding machine is used, the sheave factor (see 4641) and the date it was 

determined shall be entered. 

SOUNDING APPARATUS 

Initial,set... At, if te ....reading (shoalest edge)..... 
Transceiver 2 

INGLé.cogoodse eh ep ull 

Rar Checks mppricleleys 

Sounding Mach. No H. 83. 

Sheave factor. /; 0048. From test 

Leadline No... 

FIGURE 176.—Facsimile of Sounding Apparatus stamp with entries properly made. 

When a leadline is used, reference shall be made to all of the leadline comparisons 
(see 4622) which are applicable to this day’s work. 

Any change during the day’s work, which affects any of the information given in 
the stamp at the beginning of the day, shall be noted in the ‘‘Remarks”’ column. 

8133. Preliminary Run and Weather 

The time the party or unit got underway or left headquarters and the distance in 

nautical miles to position 1 of the day’s work shall be entered in Stamp No. 34 (fig. 

177). The state of the weather, wind, and sea shall also be entered in this stamp. 

No. 34 Depart Arrive Distance 

Anchorage 

Working grounds..: 

Underway at 

FIGURE 177.—Facsimile of Stamp No. 34 with entries properly made. 

Any change which occurs during the day shall be noted in the ‘‘Remarks”’ column. 
This same stamp shall be used at the end of the day’s work to enter the distance 

from work and the time of arrival at headquarters. 

8134. Comparison of Sounding Apparatus 

Any standardization or comparison of the sounding apparatus which is made at 
the beginning of the day’s work or during the day shall be entered in columns below the 
headings of Stamp No. 35 (fig. 178). 
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The stamp is a multiple-purpose stamp to be used for leadline comparisons, fatho- 

meter comparisons, or bar checks. The two inapplicable headings should be crossed 
out each time the stamp is used. 

The readings of the apparatus 
being tested should be entered in the ER COMER 

left-hand column; the lengths or depths LEADLINE COMPARISON 
by the standard with which comparison Rieke SS Uneeeicne rn 
is being made should be entered in the Fath. reading {or depth 

M z D middle column; and the differences (first 
column entries sUbtragied tronm mMaddles” yi a) tee De eee oe ee! NO Ory: 

column entries) should be entered in the FIGURE 178.—Facsimile of stamp for comparison of sounding ap- 

right-hand column. (See 4622 for veri- paratus with entries properly made. 

fication of leadlines and 557 for bar 
checks.) When the leadline is tested and found to be correct for all depths for which 
it is to be or has been used, one entry stating this js sufficient, as in figure 178. (See 

also fig. 173.) 
814. CoLUMN ENTRIES 

As may be seen by reference to figures 172, 173, and 174, the pages of the Sounding 

Record are ruled into headed columns. It is important that each entry be made in the 

correct column and that the entries be neat enough so that they do not encroach on 
adjacent columns. Sloppy recording makes the subsequent interpretation of the rec- 

ords more difficult and may result in misinterpretation. 
All of the events and data which are related to a specific time entry shall appear on 

the same horizontal line with the time, except for the position data where the first entry 
only falls on that line (see 8146). Certain notations and miscellaneous entries in the 

“Remarks” column may be referred to their respective times by the use of appropriate 

corresponding reference marks at both. 
Where it is necessary during the day’s work to enter data or long explanatory notes 

which cannot be conveniently kept within the limits of the ‘‘Remarks’’ column, the 
record should be interrupted, the entire width of the double page used for the entry, 

and the record resumed below the entry. 

8141. Position Numbers 

Positions shall be numbered consecutively starting with number 1 at the beginning 
of each day. These position numbers shall be entered, opposite their respective times, 

in the column headed ‘Position Number.’”’ Each number shall be within the angle 

symbol thus (<1); the symbol should be made with care so that it cannot be mis- 

taken for part of the number or for the letter J or L. 

Position numbers are to be given in accordance with 3312 and 6812. When using 

R.A.R. control, each position in the Sounding Record on which there is a bomb 
shall be identified by the addition of a lower-case b to the position number. In the event 

that the bomb is a dud or that there are no usable results, the 6 shall be crossed out. 

Position numbers in the Bomb Record shall be identical with those in the Sounding 

Record (see 8311). 

No other entries shall appear in the ‘“‘Position Number” column except the abbrevia- 
tions ah. for ahead and st. for stop, which should be written close to the right-hand 

edge of the column. 
465382—44—50 
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8142. Time 

Standard time shall be used in all hydrographic recording and the standard merid- 
ian shall be noted at the head of the “Time” column at the beginning of each day’s 
work (see 151). Time shall be recorded by numbering the hours consecutively from 

0 (midnight) to 23 (11 p. m.). 

All times shall be recorded in the ‘‘Time”’ column, with the corresponding data 

to which they refer entered on the same horizontal line. The exact time of each posi- 
tion, each recorded sounding, and each entry that will be used in plotting, must be 
recorded. Additional events which need to be timed in the Record are explained in 

different parts of this Manual—among the most important are: the time of an R.A.R. 
position (6811), the exact time of irregularly spaced soundings (3431 and 3433), the 
times of stopping for vertical casts and going ahead (3422), the times of changes in 
course (3373) and turns (3463), and the times of turns at ends of lines. 

In connection with vertical casts, the abbreviations st. for stop and ah. for ahead 
shall be entered immediately preceding their respective times on the horizontal line, 
immediately before and after the respective soundings. 

It is important that the exact times of the following detached events be recorded: 
detached soundings which are not a part of a sounding line; least depths on a shoal 
covered by drift sounding, or otherwise, with only the critical soundings recorded; 

positions to determine the outline or limits of an area where a tidal plane of reference is 
involved; a measurement or estimate of the height of a shoal or rock above the water, 

or an estimate of the depth of water over a feature on which a sounding cannot be taken. 

If two or more clocks are used for the times of different parts of the recorded data, 

as in R.A.R. control, they must be set in agreement at the beginning of the day and 

verified at intervals throughout the day (see 6811). 

8143. Soundings 

The soundings shall be entered in the double column headed “Soundings”, leaving 
one blank horizontal line after each position. Every sounding shall be recorded in 
fathoms and decimals, or feet and decimals (see 124); no sounding shall be entered in 

fathoms and feet; fractions shall not be used. The integers of the numbers shall be 
recorded in the left-hand column, the tenths being recorded in the right-hand column. 
The depth unit shall be indicated by drawing lines through the inapplicable subhead- 
ings at the top of the double column on each page. 

The depth units in which the soundings are to be recorded in various circumstances 

are specified in 3112. There is no objection to changing from one unit to another in 
the recorded soundings; where this is done soundings shall be omitted from two hori- 
zontal lines, in which the new unit is to be boldly indicated (see fig. 172). Since only 

one depth unit is used on one hydrographic sheet (see 771 and 823) it is more convenient 
that as large a percentage of the recorded soundings as practicable is in this unit, and 
that changes from one unit to another are held to a minimum. 

Handlead soundings for comparisons, or interspersed with echo soundings, shall 
be in the same unit as the echo soundings. 

No bottom soundings are almost valueless, but where they cannot be avoided they 

are to be recorded thus, jg, meaning that at 18 (fathoms) bottom was not reached 

(see 3542). 

Soundings shall be recorded in integers, or to the nearest decimal part, according 

to table 29. 
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8144. Bottom Characteristics 

The character of the bottom shall be entered in the column headed “‘Bottom’’, with 

the frequency specified in 3842, using the standard abbreviations from part ‘‘S’”’ of the 
Symbols and Abbreviations chart (fig. 189, part XI). Characteristics not on this 
chart shall be written out in full. The proper interpretation of many of the terms and 

miscellaneous instructions for recording them are given in 3845, 3846, and 3847. 

Detached determinations of the character of the bottom, as from the flukes of the 

anchor, from a buoy anchor, or at a serial temperature station, must always be accom- 

panied by a position—by the best estimated position from dead reckoning if a fixed 
position cannot be obtained (see 3841). 

8145. Compass Heading 

The vessel’s heading by compass at all times during sounding shall be entered in 

the ‘column-headed ‘Heading "by 222-252 Se Vere Compass’’; and in the blank 

space shall be indicated whether the steering or standard magnetic compass or gyro- 
compass of major survey units is in use. 

In launch and small-boat hydrography controlled by three-point fixes, and in hydro- 

graphy controlled by ranges or distance angles, compass headings may be omitted. If 
they are omitted, the general direction of the line being run (unless distance angles are 

used) shall be entered in the ““Remarks” column. If ranges or distance angles are 
being used that fact shall be entered vertically in the compass heading column. With 

the above exception, no entries except headings shall be made in this column. Entries, 
such as c/e and o/e to indicate “changed course” and ‘fon course”? properly belong in 

the Remarks” column. 

All courses shall be preered in degrees, clockwise from north. 
Course entries in connection with ome in course and turns shall be in accordance 

with 3454 and 3463. A time entry should be made in the “‘Time”’ column opposite each 

course entry. 
8146. Position Data 

Insofar as practicable, all position data, except R.A.R. distances, shall be entered 

in the column provided in the center of the right-hand page. It is disconcerting to have 
a part of these data recorded in the ‘““Remarks’’ column. 

The first entry of position data shall invariably be on the same horizontal line with 

the corresponding time and position number on the left-hand page, followed on conse- 

cutive lines by the remainder of the position data. The position number and symbol 
which appear on the left-hand page shall be repeated immediately to the left of the top 
entry of position data (see 8141). 

The required frequency of position is specified in 3313 and 6812. 

Three-point fir—The names of the three stations of a three-point fix shall be re- 

corded vertically in the left part of the column, with the name of the center station 
indented slightly. The objects shall always be recorded clockwise, that is, the left 
object first, the center object next, and the right object last. The angles are recorded 

in the sitet part of the column, the left and right angles being recorded opposite the 

names of the left and right stations respectively. 
A three-point fix shall always be recorded between two heavy ruled horizontal 

lines, leaving as many blank spaces in the “Time” and “Soundings” columns as are 
necessary to accomplish this. 
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Where the same control stations are used for successive fixes, it 1s not necessary 

to repeat the names; the word “‘same”’ or the letter S, covering the three spaces occupied 

by the fix, may be used at each position to indicate a repetition, provided that the 
station names are entered for the first position on each page and every time any one 

of the stations is changed. 
Supplemental angles, or cuts, observed at three-point fixes are recorded below the 

corresponding fixes, preferably with one blank intervening space. The names of the 
two objects, recorded clockwise, are entered on the same line with the ‘‘cut”’ angle. 

The recorded names of stations must agree with those on the boat sheet (see 3245). 

In addition to the systematically spaced positions, supplemental positions and 
supplemental angles are often required as explained in different parts of this Manual. 
Some of the most important of these are specified in 3312 and 3313. Others occur in 

connection with locating buoys (see section 25) and hydrographic stations (243, 247, 

and 248). Others occasionally required are: in connection with revision of the high- 
water line (3244 and 381); to locate a vessel for use as a hydrographic station (3365); on 

a navigational range to determine its azimuth (3833); in connection with drawing form 
lines from the vessel (382); to locate rocks, obstructions, wrecks, etc., (see 363, 364, and 

365). 
If one of the objects of a three-point fix is a distant tangent, the height of eye must 

be included (33365). If one of the objects is appreciably above the horizon, its vertical 

angle must be included (3338). 

R.A.R. position. R.A.R. distances are recorded in the Bomb Record and shall not 
be repeated in the Sounding Record. The position numbers and symbols shall be en- 
tered in the Sounding Record, and opposite the first number on each page the entry 
“See Bomb Record” shall be made. Extreme care must be taken to ensure that the 

times and numbers of the corresponding positions in the two 

Records agree (see 6811 and 8311). No. 24 

All additional position data, such as log readings, engine | Position No 

revolutions, and bearings, are recorded in the Sounding 
Record (see 6811). Rubber Stamp No. 24 (fig. 179) shall be 7876.93 

used for this purpose so far as applicable. 

Supplemental positions, for which there are no R.A.R. Ficure 179.—Facsimile of stamp 
distances, are often required in’ connection with R.A-R. (see BE Of ane Tevollition-counter 
3312, 3313, and 6812). Each of these shall be given a con- 

secutive number. Since these are not entered in the Bomb Record, the result is that 

the position numbers in the Bomb Record are not consecutive. 

Miscellaneous control data.—A numbered position shall be given to each entry of 

control data which will be used in plotting the sounding line, regardless of its nature, 
including the times at some changes in course (see 3373). 

Bearings.—Where recorded for use as position data, the number of degrees shall 

be followed by T to indicate a true bearing, and by p.s.c. to indicate a compass bearing. 
In the latter case the values of the variation and deviation shall be entered and the 

bearing converted to a true bearing during or at the end of the day’s work. 
Ranges.—Where sounding lines are run on pre-established ranges the positions 

may be numbered and the data recorded in accordance with 334. 

815. REMARKS AND MISCELLANEOUS ENTRIES 

In the “Remarks” column shall be entered all additional information required 
for the proper understanding and correct plotting of the work, for which provision 
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has not been made in other columns. Abbreviations (8111) can be used for many 
routine entries. 

Among the entries which recur frequently are the following: 

(a) The latitude and longitude shall be entered at the first position of each day’s work, at the 

beginning of a system of contiguous lines, at each detached sounding in a new locality, and at the 

beginning of a line in a locality different from the last previous recorded position. Use rubber Stamp 
No: 39, Line Begins (fig. 180). 

(b) The words “‘line begins” and “‘line ends,” or their abbreviations, are to be used at the begin- 

ning and end of adjacent lines, in accordance with 3454, where soundings around the turns are not 

recorded or are not intended to be used on the smooth sheet. The words “line turns” should be entered 

in the “Remarks” column only when a turn is 

made in a continuous line of soundings. 

(c) The abbreviation “L. T. L.” or “L. T. R.”’ 

shall be entered after the entry “line ends” to in- 

FIGURE 180.—Facsimile of Line Begins stamp. dicate the direction the vessel turns to proceed to 

an adjacent line. 

(d) Changes affecting any of the information given at the beginning of the day’s work (see 813). 
(e) Notation of a change in locality of work or a change of sheet, including the ship’s run (in 

nautical miles). 

(f) Distance (in meters) and direction of features in the water area, such as aids to navigation, 

rocks, breakers, and shoals, where passed close by. Indicate if the distance is estimated (do not scale 

distances from sheet for this purpose). If depression angles are recorded, record the height of eye also. 

(See 3353.) Indicate whether the object has been previously located or whether the data entered 

are to be used to locate it. (See also 363.) 

(g) Estimated distances (in meters) to the high-water line, to the low-water line, to reef lines, 

to kelp, etc., from the nearest recorded position (see 3122 and 754). Explanatory notes in regard to 

any areas not completely surveyed. 

(h) Complete notes relative to methods used in revising the high-water line or topography and 

any data which do not properly belong in other columns. (See 3244, 381, and 753.) 

(i) Notation of all changes in speed (3461). Note any sounding lines started from a stand- 

still (3451). 
(j) Measurements or estimates of heights of exposed rocks, if not previously well determined 

(3244 and 363), and estimated depths over rocks, shoals, and areas, which cannot be sounded over 

(364). Such elevations and depths shall be referred to the water level, and the time of observation 

shall be entered in the “‘Time’’ column; they should never refer to a plane of reference. 

(k) The time spent in examining a shoal by drift soundings, or otherwise, where systematic lines 

are not run (3312(e) and 3666). 
(1) Complete and comprehensive notes regarding the examination of shoals shall be given, 

including the method of search used; a statement as to whether or not bottom was visible; apparent 

size of the top and base of shoal; kind of bottom; presence or absence of kelp or grass; least depth 

found; and such additional information to enable the reviewer to determine whether or not the exami- 

nation was adequate. (See 3312(e) and 3666.) 

(m) The reason for the correction or rejection of any recorded data. Any entry which appears 

unlikely by reference to other recorded data shall be verified immediately, the entry checkmarked (y ) 

and notation made in the ‘‘Remarks”’ column that it was verified immediately after having been 

recorded. 
(n) Notation of any visual echo-sounding instrument which is not operated or attended 

continuously (3415). 

(o) Mention of any current encountered. 

(p) The reason for missed soundings (3542). 

(q) A record of any marine growth encountered, its length, thickness, and whether it is visible 

on the surface of the water. Note the value as an indication of danger of any kelp encountered (7864). 

(r) Wrecks, wreckage, and obstructions should be described (365). 

(s) Explanation of any time not spent in sounding. 

(t) Notation of a change from one method of sounding to another. 
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(uw) Any condition of sea or weather which affects materially the accuracy otherwise expected 
in the recorded data. 

(v) Notation of any echo soundings taken when the vessel is stopped or proceeding at slow speed, 

with an instrument that has been adjusted to compensate for settlement and squat (57(j)). 

Descriptive Report notes (385) do not take the place of notes properly belonging 
in the Sounding Record. 

Stations or objects cut in should be described at the time the first cut is recorded 
(248). Notations should indicate where the track between. fixes should be taken 
from the boat sheet (3352). Where positions outlining an area are recorded, a 
description of the area shall be made, differentiating particularly between a reef and 
a sandy low-water line (7824). Sketches should be included of the more important reefs. 

A multitude of various miscellaneous entries are required, too numerous to be 
discussed individually. 

Where notes are too long to be entered in the ‘‘Remarks” column, the sequence 
of recording may be interrupted to record a note the entire width of the page. 

816. INFORMATION AT END OF Day’s Work 

At the end of each day’s work certain entries are required. Rubber stamps are 
provided for most of these and entries shall be made in every applicable space in each 

stamp. See also the instructions in 813. 

The registration, at the end of the day, of the transmitted signal of any echo-sound- 
ing instrument used shall be entered in the ‘‘Remarks”’ column. 

A leadline comparison and a bar check are required at the end of the day, using 
rubber Stamp No. 35 in accordance with 8134. 

The time of arrival at and distance to headquarters are required, using rubber 
Stamp No. 34 (see 8138). 

A verification of the sextants and clock | No. 36 
used is required at the end of the day, using | Sextants 
rubber Stamp No. 36 (fig. 181). This Sounding records inspected: 

stamp also includes spaces for the signa- Officer-in- charge 

tures of the officer-in-charge and the Chief oe Cie Oe care 
of Party (see 818). 

In connection with the reduction of the 
records, rubber Stamp No. 38, Processing 

(fig. 183), is required (see 824). Unless this stamp is impressed as each day’s work 
is completed, space must be left for it. The location of the tide gage used during the 
day shall be entered in this stamp in the space provided. 

FIGURE 181.—Facsimile of stamp for verification of sextants 

and clock. 

8161. Statistics 

The statistics for each day’s work shall be given at the end of each day, using rubber 
Stamp No. 37, Statistics (fig. 182). Where a day’s work is recorded in two volumes, 
the statistics shall be divided between the two volumes, the stamp being used at the 

end of the record in the first volume, as well as at the end of the day in thesecond volume. 
The stamp provides columns for this division. (See also 124.) 

Echo soundings are not to be counted—note that the stamp specifically indicates 
that only handlead and wire soundings are to be counted. 
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No. 37 STATISTICS. ..%...DAY 

This Vol. 

No. sdgs. (H. L. and wire) 

No. positions 

Miles sdg. line Naut 

Dist. to and from:....29-.%...Naut. Mi. 

Misc. dist. run : 6..2...Naut. Mi. 

Sounding continued in volume 

FIGURE 182.—Facsimile of Statistics stamp with entries properly made. 

817. OrHER SouNDING RECORDS 

Two experimental forms of Sounding Records have been devised, whose use is 

under consideration for echo soundings recorded graphically. Although the arrange- 
ment is radically different from Form 275, many of the column headings are the same, 

and the same instructions should be followed in using them. 
The principal innovations in the new forms are that two are used, the soundings 

being recorded separately from the position data and other data, and that data are 
recorded horizontally instead of vertically. The data in the separate volumes are 

correlated by time and position numbers. 
In the form in which the position data are recorded, the names of the stations and 

angles of a three-point fix are recorded on one horizontal lne—left object, left angle, 

center object, right angle, and right object. Cuts are recorded in a similar manner. 

One blank horizontal line is left between positions. The bottom characteristics are 

recorded in the “Remarks” column. 
The form in which the soundings are recorded is intended for the temporary use of 

the hydrographer in inking the soundings on the boat sheet. It is not to be used as an 
official record of soundings, the fathogram itself serving for this purpose and the sound- 

ings being plotted and inked on the smooth sheet from the fathogram. (See 562.) 
In the new form the soundings are recorded on a horizontal line, which is divided 

into 10 numbered columns. Soundings are recorded on the assumption that all are 
equally spaced. The position number and the time of the position are recorded. The 
times of intermediate soundings are omitted. The sounding on the position is entered 

in the first column, which may be considered the zero column, and the successive columns 
are numbered from 1 to 9. For example, if five equally spaced soundings are taken 

between two successive positions, they are entered on a horizontal le in columns 

numbered 1 to 5, a line being drawn through the remaining spaces. If more than nine 

soundings occur between positions they can be entered on a second line, the tenth sound- 

ing after the position being entered in the first column, numbered 10. 

If an occasional shoal or deep sounding needs to be interpolated between two 

soundings at regular intervals, it can be inserted above the line with a caret below to 

indicate this. The form is of no value where many soundings have to be recorded at 

irregular intervals. 
One blank horizontal line should be left between entries. If a reduction for tide 

is necessary for boat-sheet soundings, it may generally be made mentally as the sound- 

ings are inked on the boat sheet. If it is necessary to reduce the soundings arithmetically 

for tide before they are inked on the boat sheet, enough blank horizontal spaces should 
be left in the record for this reduction, the reduced soundings being entered vertically 

below the corresponding soundings before reduction. 
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818. SUPERVISION AND INSPECTION 

Although the officer-in-charge is responsible for the records, he is usually fully 
engaged otherwise during the actual sounding, and his assistant, usually the right angle- 
man, shall supervise the actual recording and check closely the marner and accuracy 
with which the recorder does his work. It is the latter who usually tells the recorder 
what miscellaneous entries to make. He should see that clear explanatory notes are 

entered wherever necessary. Some hydrographic or topographic information is found 

only in the “Remarks” column. Such notes are often of supreme importance, as for 

example, those referring to rocks awash and revision of shoreline. He should make 
certain that they are adequate and accurate. Question marks should not be left in 

the Record to cause future confusion. Rejections of shoal soundings, which may be 
obvious to the hydrographer, should be logically and fully explained. (See 3413.) 

A daily review of the boat sheet and Sounding Record shall be made by the hydrog- 

rapher at which time any errors or omissions in the recorded data should be rectified 
(see 3246). 

The hydrographer in charge of the party, or of the watch if on board ship, shall be 
responsible for the accuracy and adequacy of the recorded data and at the end of the 
day’s work or watch shall approve the record for that day, or watch, over bis signature 
(see 3412). The signature shall be entered in the appropriate space in Stamp No. 36 
(fig. 181) which should be impressed at the end of each day, or each watch if operations 

are on a watch basis. 
Sounding Records shal! be examined occasionally by the Chief of Party to make 

sure that they are being kept in accordance with the requirements and are complete and 
satisfactory in all respects. The examination required is only a general one, the hydrog- 

rapher in immediate charge being specifically responsible for the day-to-day examina- 
tion and for the approval of each day’s recorded data. The Chief of Party need not 

sign the Sounding Records. The space provided in Stamp No. 36 may be disregarded. 
If the Chief of Party does inspect the Records generally, he may place his signature in 
this space, with inclusive dates to indicate that part of the Records to which his inspec- 

tion applies. 

General instructions to the hydrographer by the Chief of Party should be written 
in the Sounding Record and signed by him. (See also 3411.) 

819. COMPLETION OF SOUNDING RECORDS 

After the completion of a hydrographic survey, all of the Sounding Records for that 
survey shall be gathered together and the following completion steps accomplished: 

a. Numbering.—The Records are to be grouped in the proper order, the various groups shall be 

combined, and the complete set of Records shall be numbered consecutively and permanently, includ- 

ing any volumes used solely for cuts or other miscellaneous data. 

The field number and registry number of the hydrographic survey shall be plainly marked in 

pencil on the cover label and the title page of each volume of soundings. In the relatively rare case 

where parts of a Sounding Record have to be plotted on different smooth sheets, the numbers of both 

surveys shall be entered on the cover label and reference must be made on the proper pages of the Rec- 

ord to the sheets involved. It is not necessary to copy a portion of the Record into another volume. 

(See 3213.) 

b. Cover label.—The data called for on the cover label and title page shall be entered in black 

drawing ink, except the position numbers and day letters, which shall be entered with ink of the color 

or colors used in the Record, and the survey numbers which are left in pencil. 

c. Deviation table.-—The deviation table for the compass used for hydrography shall be entered on 

page 1 of the first volume of each set of Records, and in the proper Record (with reference to date) if 
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changed during the course of the survey. This is not necessary for launches and small boats using 
portable compasses. (See 144.) 

d. Index of cuts—An index of all objects such as signals, survey buoys, aids to navigation, land- 

marks for charts, rocks, and breakers, the positions of which have been determined by sextant angles, 

shall be entered as follows: If a separate volume contains all such data, the index shall be entered on 

page 2 of that volume; if the data are interspersed through the Sounding Records, the index shall be 
entered on page 2 of volume No. 1, giving the volume and page numbers on which are recorded all 

data for the location of any given station or object (see 248). 

References to positions taken to determine the azimuths of ranges shall be included in this index 

(see 7845). ; 

e. Index of hydrographic information.—A separate index of special hydrographic information such 

as currents, tide rips, overfalls, and swirls shall be entered on page 2 of volume No. 1. Any detached 

determinations of the character of the bottom not recorded in the Sounding Records shall also be 

indexed. 

f. List of stations.—An alphabetical list of the stations used on each hydrographic sheet shall be 

prepared, in accordance with 2154. If typed, this should be pasted inside the title page of sounding 

volume No. 1 for that sheet or, if desired, it may be lettered on the first record pages, from which 

hydrography has been omitted for this purpose. 

Where a station has been relocated by a more accurate method, after having been used on the boat 

sheet, this fact shall be noted in the list (see 241). 

g. Buoy positions.—Where buoys have been located by sextant cuts recorded here and there 

throughout the Sounding Records, the cuts are to be indexed in accordance with d ‘Index of cuts,” 
Where final buoy positions based on these cuts have been determined by the field party by computa- 

tion, by plotting on an aluminum sheet, or otherwise, that fact must be made clear in the index. Those 

cuts that are to be plotted on the smooth sheet to determine buoy positions shall be properly identified. 

All buoy stations whose final positions have been determined by the field party, by any method 

other than by plotting on the smooth sheet, must be included in the list of buoy stations required 

in the Descriptive Report (see 8435). 

82. REDUCTION OF SOUNDINGS 

Recorded soundings must be corrected for any departure from true depth due to the 
method of sounding or to a fault in the measuring apparatus and for the height of the 
tide above or below the plane of reference at the time of sounding. Vertical columns 
are provided in Form 275, Soundings, in which to enter the corrections and the soundings 

after reduction. 
821. Correction UNITs 

Corrections (sometimes called reducers) shall be entered in the same unit in which 

the soundings have been recorded (see 3112 and 8143). Parts of units shall be entered 
in decimals—fractions shall not be used. Where the soundings have beenrecorded in 
feet, the corrections shall be entered in feet and tenths; where the soundings have been 
recorded in fathoms, the corrections shall be entered in fathoms and decimals. Lines 
shall be drawn through the inapplicable unit at the top of each column on each page. 

822. CORRECTIONS TO RECORDED DEPTHS 

Each correction, preceded by the proper arithmetic sign, shall be entered on the 

horizontal line opposite the first sounding to which it is applicable and need not be 

repeated, except opposite the first sounding on each page and at the beginning of each 

sounding line. A correction or sign once entered shall be considered applicable to 
all following soundings until a different correction or sign is entered. 
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In depths over 100 fathoms, all corrections may be omitted where the algebraic 
sum of the maximum tide correction for the day’s work and all other corrections is 

less than one-half percent of the depth. Thus in reducing echo soundings, if the velocity 
correction for 350 fathoms is —0.7 fathom and the maximum tide reducer for the day 
is —0.7 fathom, the corrections may be omitted for that depth because the sum 

of the corrections is only 0.4 percent of the depth. On the contrary, if the maximum 

tide reducer were —1.1 fathoms, the total correction would be slightly greater than 0.5 
percent of the depth and corrections could not be omitted, even though at the actual 
time of sounding the tide reducer may have been such as to bring the total correction 
below 0.5 percent. Corrections must not be o~itted when the tide is low and entered 

when it is high. 

Corrections shall be entered according to table 29 (see 8143). It should be noted that, in general, 

the corrections are to be entered to a decimal which is one-half that required in recording the sound- 

ings, using 0.2 where the requirement for recording is 0.5. Exceptions are: that no entry in feet 

need be closer than 0.2 foot and no entry in fathoms need be closer than 0.1 fathom; and for sound- 

ings over 60 feet, except on shoals and banks, corrections need be entered only to the nearest foot. 

Used in conjunction with table 29, the following tabulation may be helpful: 

Where soundings are Enter corrections 
recorded to the nearest to the nearest 

foot foot 

OF2 0. 2 

0.5 0. 2 

1.0 O05 
1.0 ‘L ee text 

fathom fathom 

0. 1 0. 1 

0. 2 0. 1 

ORS 02 

1. 0 0.5 

The range through which any correction is to be applied is as follows: 

Where corrections are entered to the nearest 0.5 foot or less, and to the nearest 0.1 fathom, the 

range covered shall be from one-half below to one-half above the correction applied, according to the 

following tabulation: 

Whether added to or subtracted from the sounding 

Range 

0. 1 to 0. 3 foot=0. 2 foot 

0. 3 to 0. 5 foot=0. 4 foot 

0. 5 to 0. 7 foot=0. 6 foot 

etc. 

0. 25 to 0. 75 foot=0. 5 foot 

0. 75 to 1. 25 feet=1. 0 foot 

1. 25 to 1. 75 feet=1. 5 feet 

ete. 

0. 05 to 0. 15 fathom=0. 1 fathom 

0. 15 to 0. 25 fathom=0. 2 fathom 

0. 25 to 0. 35 fathom=0. 3 fathom 

ete. 
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Where corrections are entered to the nearest 1.0 foot or to the nearest 0.2 fathom or greater, the 

range covered shall be eccentric, from one-fourth below to three-fourths above the correction applied, 

or vice versa, according to the following tabulation: 

Range 

Corrections added Corrections subtracted 

—0. 25 to +0. 75 foot= 0 foot —(0. 25 to —1. 25 feet= —1. 0 foot 

ON75ttone ala fon tect— le Onoon —1]. 25 to —2. 25 feet= — 2. 0 feet 

Leo cOeOnteet 2.0 Meet ete. 

ete 

—0. 05 to +0. 15 fathom= _ 0 fathom —0. 05 to —O0. 25 fathom = —0. 2 fathom 

0.15 to 0. 35 fathom=0. 2 fathom —0. 25 to —O0. 45 fathom = — 0. 4 fathom 

0.35 to 0. 55 fathom=—0. 4 fathom ete. 

ete. 

—0. 125 to +0. 375 fathom = 0 fathom —(0. 125 to —0. 625 fathom =—0O. 5 fathom 

0.375 to 0.875 fathom =0. 5 fathom —(). 625 to —1. 125 fathoms= —1. 0 fathom 

0.875 to 1.375 fathoms—1. 0 fathom ete. 

etc. 

8221. Leadline Corrections 

Leadline corrections shall be entered in the ‘‘Correction”’ column headed ‘ Lead- 

line.” They result from the use of a leadline of incorrect length, whose comparison 
with a standard has given the corrections to be applied (see 4622). The corrections 

to be entered are derived from the entries made in Stamp No. 35 (fig. 178), at the be- 
ginning and end of the day, and sometimes during the day. 

If the length of a leadline changes appreciably between comparisons, the correc- 

tions shall be proportioned according to the length of time it was used for sounding. 

8222. Wire Sounding Corrections 

Wire sounding corrections are also entered in the “Correction”? column headed 

‘“Leadline.”? They result from the use of a worn registering sheave, or from the use 

of stranded wire (see 4641). The sheave factor is entered at the beginning of the day 
in Stamp No. 33 (fig. 176). The corrections to be entered are found by multiplying 

the recorded soundings by the sheave factor. 

8223. Echo-Sounding Corrections 

Velocity corrections to echo soundings shall be entered in the ‘‘Correction”’ column 
headed “Echo.” They result from the actual mean velocity of sound from surface to 
bottom differing from the calibration velocity of the particular echo-sounding instrument 
(see section 56). There are two general methods by which the corrections are derived, an 

indirect and a direct one. . 
In the indirect method the corrections are obtained by numerical or graphic means 

from observed temperatures and salinities (see 5613 and 5615). In the direct method, 

also known as the bar check method and used for soundings in shoal depths, corrections 
are obtained by direct comparison (see 5617). In both methods the data are used to 
plot a correction curve, from which is tabulated the range through which each correction 
applies (see 5614). 

In either case the corrections applicable to the various depths are entered in the 

Sounding Record from a table, a copy of which is included in the Descriptive Report 

(see 8434). 



PaGe 773 RECORDS AND REPORTS 8224 

Kcho-sounding instruments are intended to be adjusted and operated so that the 

velocity and tide corrections are the only corrections that need be applied to echo 

soundings (see 55 and 56). If for any reason, an additional correction is found to be 
necessary, it should be entered separately in the “Correction” column headed “‘Slope’’ 
and appropriately headed. 

The effect of an erroneous motor speed on the calibration velocity should be noted 

(see 5553). This should be taken into account by basing the velocity corrections on 

the actual instrumental velocity instead of on the standard calibration velocity (see 
table 20). 

8224. Tide Reducers 

The recorded soundings must be corrected for the height of the tide above or 
below the plane of reference at the times of the soundings. These corrections are 

entered in the ‘‘Correction” column headed “ Red. for Tide.” 

The planes of reference adopted for the reduction of soundings and the publica- 

tion of charts of the Coast and Geodetic Survey are as follows (see also 2172): 

(a) For the Atlantic Ocean and Gulf of Mexico—the mean of the low waters (MLW). 

(b) For the Pacific Ocean—the mean of the lower low waters (MLLW)—except for the Pacific 

entrance to the Panama Canal where it is the mean of the low water springs (MLWS). 

(c) For certain of the larger navigable rivers and lakes special planes have been adopted. 

The location of the tide gage to be used in connection with each day’s work shall 

be entered in the appropriate space in Stamp No. 38, Processing (fig. 183), at the end 
of the day (see also 4672). 

The tide reducers are derived from marigrams from automatic tide gages, generally 
established especially for this purpose, or occasionally from observed tides (heights 
read from a staff). 

After the height of the plane of reference for the particular gage or staff has been 
received from the Washington Office (see 1215) the reducers can be scaled directly from 
the marigrams, if available, and entered in the Records. 

In most cases the marigrams or records of staff readings must be sent to the 

Washington Office before the plane of reference is determined. In such cases copies 

must be made of those parts of the marigrams needed, or the hourly heights must be 
sealed, from which curves can be reconstructed. The reducers can then be scaled 

from the copies or the reconstructed curves when needed. 

Full instructions for deriving the reducers are contained in Special Publication No. 
196, Manual of Tide Observations. 

823. Units oF Finat REDUCED SOUNDINGS 

The algebraic sum of all corrections applicable is added to or subtracted from each 

sounding, the result being entered in the double column headed “Field”? under ‘“ Re- 
duced Soundings.’”’ These reduced soundings will be in the same depth units as the 
recorded soundings. The unit shall be indicated by drawing lines through the inappli- 
cable subheadings at the top of the double column on each page. (See fig. 172.) 

This may result in some reduced soundings being in fathoms and tenths and some 
in feet and tenths on the same hydrographic survey, or even on the same page of the 
Record. In the latter case the change of unit must be boldly indicated, at the place 
in the column where it occurs. 

Only one depth unit is used on one hydrographic sheet (see 771). For convenience 
in plotting, all soundings shall finally be converted to the one depth unit to be used 



824 HYDROGRAPHIC MANUAL PAGE 774 

on the particular survey sheet. Those reduced soundings that are in the unit which 
is not to be used, shall be converted to the appropriate unit in accordance with the 

conversion tables in 7716, the results being entered in the double column headed 
“Office.” The unit must be indicated by drawing lines through the inapplicable sub- 
headings at the top of the double column. 

The result will be that the right-hand entries on the left page of the Sounding 
Record will be in the same depth unit—that to be used in plotting the smooth sheet. 

824. VERIFICATION OF REDUCED SOUNDINGS 

The entries of the various corrections (822) and the reduction of the soundings and 
the final reduced soundings shall 

pig omar a be checked. To indicate that 
eee this has been done, a checkmark 

shall be placed opposite each 

Tide Red BM PE I correction entry and at the bot- 
Leadline Cor YA, S22 A. AN. tom of each column of reduced 
Index Cor RE REE soundings. If there are numer- 

ous correction entries in a col- 

Soundings reduced ANS TAR ARN: umn, one checkmark at the bot- 
tom of the column will suffice. 

Rubber Stamp No. 38, Process- 
ing (fig. 183), shall be impressed 
at the end of each day’s record, 
and the initials of the persons 

who made the original entries and of those who checked them shall be entered in the 
appropriate spaces. 

Positions plotted 

Graph scaled 

Soundings penciled 

FIGURE 183.— Facsimile of Processing stamp with entries properly made. 

825. Errors DETECTED DurInNG PLOTTING 

In spite of the fact that all correction entries and all reduced soundings are checked 
in the field, serious mathematical errors have been found during the smooth plotting. 

The entry of the tide reducers is the only step in the reduction of the Sounding Record 

which is checked at the Washington Office. This is done because the plane of reference 
may be known more accurately after the receipt of the Sounding Records, but not to 

provide an additional check. 
Mathematical errors found during the smooth plotting shall be corrected, but no 

other deviation from the Record shall be made unless it is reasonable and supported con- 

clusively by other evidence. All corrections made on the left-hand page of the Record by 

the smooth-sheet plotter shall be made with colored pencil and be fully explained or 
justified by a note in the “‘Remarks”’ column. The Record and the smooth sheet, when 

completed, must be in full agreement. (See also 774.) 

83. MISCELLANEOUS RECORDS 

When a hydrographic survey was relatively simple, as before the advent of echo 
sounding and Radio Acoustic Ranging (R.A.R.), the Sounding Record usually sufficed for 

the entry of all the hydrographic data. Due to the complexity of modern hydrographic 
surveys—particularly offshore ship surveys—there are essential data which cannot 
conveniently be included in the Sounding Record, but which form a part of the 

permanent records. It is with these miscellaneous records that this section deals. 
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These records should be just as clear, complete, and self-explanatory as the Sound- 
ing Records and the same precautions are required in the recording (see 81). 

831. Postrion REcoRDS 

When it can be done conveniently it is always desirable to keep the complete record 

of a hydrographic survey in one book—the Sounding Record. Using certain types of 
control, however, it is necessary to record the position data in a separate record, and it 

may occasionally be more convenient to do so even when using three-point fix control. 
The sextant observers may have to station themselves on the flying bridge, or elsewhere, 
at some distance from the echo-sounding instrument, where it is inconvenient and con- 

ducive to error, to record both the position data and soundings in the same record book. 

There is no objection to separate records in such cases but the greatest care must be 
taken to correlate the two records accurately by time and position numbers. 

In surveys controlled by R.A.R., the position data are received at the chrono- 
graph station, usually in the radio room and frequently some distance from the ship’s 
bridge or the plotting room, and a separate Bomb Record must be used for the data. 

Position data for dead reckoning, and often in connection with R.A.R. surveys, are 

abstracted on a special form designed for this purpose. 
Astronomic sights also are recorded and computed separately. 

8311. Bomb Record 

In surveys controlled by Radio Acoustic Ranging (R.A.R.), described in chapter 6, 
the Bomb Record (Form 670) is the official record of the R.A.R. position data. For 

plotting positions based solely on R.A.R. distances, the data shall be complete in the 
Bomb Record, and reference to other records should not be necessary. But the dead 
reckoning and all supplemental data, such as bearings and sextant angles, shall be 
recorded in the Sounding Record. R.A.R. position data shall not be repeated in, nor 
copied into, the Sounding Record. 

R.A.R. distances measured to locate buoy stations (see 2533, 2534, 2573, and 

2574) shall also be recorded in the Bomb Record. This Record shall be the original 
source of the data used to determine buoy positions by this method (see 8324). R.A.R 
distances measured to determine the velocity of sound experimentally shall also be re- 
corded in the Bomb Record, but the corresponding observations or measurements to 

determine the horizontal distances are either recorded in the Sounding Record or on 

special forms designed for taut-wire measurements (see 8323). 
Entries in the Bomb Record are made at the chronograph station, usually by the 

chronograph attendant (see 6712). The entries must be clear and complete and the 

general instructions for recording in the Sounding Record must be followed (see 81 and 
811). 

The Bomb Record and the Sounding Record are identical in shape and size and are 
very similar in outward appearance. A sample double page of the Bomb Record is 
shown in figure 184, in which the approved manner of recording R.A.R. data is illus- 

trated. The Record is designed for the use of shore stations and it is arranged so that 
the returns from two stations may be recorded in the space to which one position number 
is assigned. But R.A.R. control is now planned with a view to getting at least three 
bomb distances at a position, so each double page of the Record shall be used as a 
continuous horizontal record, the data for one position being carried across both pages, 
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Form 676 57 

BOME RECORD Locality S. OF NANTUCKET SHOALS 

U.S.C. and G. 

PINTS | TIMES (SECONDS) | DISTANCES (METERS) | 

For AssumEO. OR Finat | exarsen [verses 
l) 

Survey Ship 

DISTANCES (METERS) 
L BOMB NO. 89 4 pints || TIMES (SECONDS) | some no. 89 

DROPPED: DROPPED: /g@ H. /g™M. || SCALED 

STATION: Esau 

TNITIAL 
70 KNOTS!) inTERVAL 

VW SEC. RUN; CORR'N n= /490 

STATION: DAGO 19.75 
CLEARNESS OF TAPE RECORD, STATION;: O. A » STATION:: O. re 

Vevociri€s (y) || VecociTies (V) 
For ASSUMED For Fina 

8.75 STATION: GOBY | VBUf 974 28.66 " 

= 4.93 | i= kwoTs]| wwrenvan oe Palle : | m= =/456| | 
SEC. RUN; CORR'N 

STATION?: 

CLEARNESS OF TAPE RECORD, STATION:: Q)_ A » STATION,: 

DEFLECTION, BOMB AMPLIFIER, AT STATION: DEFLECTION, BOMB AMPLIFIER, AT STATION): , AT STATION): » AT BTATION]: 

REMARKS: 11—s4190 

BOMB NO. 90 ees TIMES (SECONDS) | DISTANCES (METERS) : 

For ASSUMED For Final onorre: /# %: 26 m-|| somco | erarseo | vetacmcet | veccomies | 
san abate wR ivan med 

a5 96"| 10_xsors ee 

izaaiaa 22. a 
/O SEC. RUN; CORR'’N 

CLEARNESS OF TAPE RECORD, STATION;: Static » STATION2: 

| BOMB NO. 9Q 70 PINTS | TIMES (SECONDS) | DISTANCES (METERS) 

For AssuUMED FoR Finau 

[25| 23] | STATION: G. 

INITIAL 
INTERVAL 

SEC. RUN; CORR'N 

STATION:: J). STATION: 

CLEARNESS OF TAPE RECORD, STATION: 

DEFLECTION, BOMB AMPLIFIER, AT STATION,: » AT STATION: 

remarks: C/ock time checked with Lridge _'—™*™ 

DEFLECTION, BOMB AMPLIFIER, AT STATION;: » AT STATION:: 

REMARKS: 11—#190 

BOMB NO. FZ /a PINTS TIMES (SECONDS) DISTANCES (METERS) TIMES es | DISTANCES (METERS) 
HW 

For AssuMED For Finau For AssuMEO For Finau 
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. : | : STATION:: £, | /0 86 || // | 32) 1.58) STATION: G. 

TNITIAL wii = =3 ) tnimiac 70 KNOTS |) eee aL | + 137 |= 1493 | Mie xwors | INTERVAL | 
/2 SEC. RUN; CORR'N [+ o9 12= /49/ SEC. RUN; CORR'N | 

| 
STATION?: D. | 23|56'24 oot 24.53 | STATION2: I 

CLEARNESS OF TAPE RECORD, STATION: QQ) A~ /STATION:: OC) Ae 

DEFLECTION, BOMB AMPLIFIER, AT STATION: . AT STATION2: DEFLECTION, BOMB AMPLIFIER, AT STATION,: 

REMARKS: 

BOMB NO. 95 I 

DROPPED: /g H. Z6 M.|| SCALED ELAPSED || Vecocrnes tn Vecociries (V) 

STATION: £. /2 , 12 | 93 | oa i 

7o_sors] semen. | + | 534 m= /agel| = 
/2 SEC. RUN; CORR'N || + | OQ = /497 va= 

2427 STATION: GOBY | 23| 05% 23| 67 
CLEARNESS OF TAPE RECORD, STATION;: OC. K. + STATION: OC. K. 

REMARKS: 

44 PINTS DISTANCES (METERS) T!MES (SECONDS) TIMES (SECONDS) 

For ASSUMED 
VeLocities (7) DROPPED: 

| STATION: DAGO 

INITIAL 

NOS INTERVAL 

SEC. RUN; CORR'N 

H. SCALED ELAPSED 

STATION2: 

| CLEARNESS OF TAPE RECORD, STATION;: . STATION?: 

DEFLECTION, BOMB AMPLIFIER, AT STATION;: » AT STATION:: DEFLECTION, BOMB AMPLIFIER, AT STATION: » AT STATION2: 

remarks: /ne ens to L0mb@ Buoy Keen 11—9400 REMARKS: 11—9490 

BOMB NO. / 4 PINTS TIMES (SECONDS) | DISTANCES (METERS) BOMB NO. Vf is TIMES (SECONDS) | DISTANCES (METERS) 

DROPPED: /5 H. O35 fy SCALED ||| ELAPSED! ||\FOR AssuMeo ||| For FiNac DROPPED: SCALED | evarseo YonAssuMeD! VevociTies (7) || VeLocities (V) 
L) 

STATION: §=£.54VY VENTSS /2| 38 STATION: DAGO 

INITIAL 5 = TNITIAL 
xwors]] intervat || + | 75 n= i REENCAT 

JZ SEC. RUN: CORR'N |] + | 7CE = Vic 

@ Buoy KEEN STATION:: GOBy 22 63 23|48 | . 
S CLEARNESS OF TAPE RECORD, STATION: OC. K. . STATION2: a. Ae . STATION3: 

g DEFLECTION, BOMB AMPLIFIER, AT STATION: , AT STATION;: DEFLECTION, €@OMB AMPLIFIER, AT STATION;: » AT STATION;: 

S . . . 

4 REMARKS: Zapes fi/ed w/th tapes for this day ~*~ REMARKS: 11—w400 
I SAP peLD i? Fe VO EE Tar OR ee TAPES: TIMES: BISFANOED: 
| z Times reduced ‘i 
| ‘ Scaled by YE. Computed by 44.” somapiet by 4.1 
i e 

Checked by 44-“ Checked by ~/4£. y 
1s 

CHRON. RATE. MEAN TIME: 3 

FIGURE 184.—Record of Radio Acoustic Ranging data (double page of Bomb Record reduced about one-half). 

with the position number repeated on the right-hand page as illustrated. This provides 
for four returns, and a fifth and sixth return may be recorded in the horizontal space 

provided for remarks if this space is not needed for its intended purpose. 

The following general instructions shall be followed in recording data in the Bomb 

Record: 



PAGE 777 RECORDS AND REPORTS 8311 

a. Page heading and day letter —Entries in the spaces provided at the top of the page shall be 

made to agree with those in the Sounding Record. The instructions in 812 and 8121 should be fol- 

lowed. The day letter shall be entered in color as in the Sounding Record. 

b. Position number.—Different series of consecutive numbers for corresponding positions and 

bombs shall no longer be used while sounding. The position number as recorded in the Sounding 

Record shall be entered in the space provided for the ‘Bomb number.” Every care must be exercised 

to ensure that the position numbers in the two Records agree. To this end position numbers 

should be communicated between the chronograph station and the plotting station in accordance 

with 6813. Position numbers will not run consecutively in the Bomb Record because in R.A.R. 

many supplemental positions may be numbered in the Sounding Record at which no R.A.R. distances 

are obtained (see 6812). 

c. Time of position data.—The time that the bomb strikes the water is the official time of 

position. It shall be noted on the clock at the chronograph station and entered in the space provided. 

The clock shall be compared frequently with the sounding clock, and adjusted if necessary, so that 

the two clocks never differ by more than a few seconds. (See 6811.) 

d. Speed of ship, fuse interval, and ship’s run correction.—The speed of the ship (in knots) at the 

time of the position should be entered in the appropriate space and the fuse interval (in seconds) 

should be entered in the space immediately below this. The ship’s run correction (6853(d)) is deter- 

mined from a table and entered in the space provided. 

e. Station names.—The R.A.R. station names are entered in the spaces provided, in the order of 

proximity of the stations to the position, the nearest station being listed first. Abbreviations may 

be used after the first position on each page, initial letters sufficing if there is no duplication. 

f. Initial interval and scaled times.—The initial interval (6853(b)) and the scaled time for each 

station (6853(c)) are taken from the chronograph tape to hundredths of a second and entered in the 

“Sealed”? column, under the double column headed “Times (seconds).”’ / 

g. Elapsed time.—The scaled time, initial interval, and ship’s run correction should be summed 

for each station to find the elapsed time (6853(e)), which is entered in the ‘‘Elapsed’”’ column under 

the double column headed ‘‘Times (seconds).’? When returns are received from more than two 

stations, the initial interval and the ship’s run correction need be entered only on the left-hand page, 

their sum being carried over and entered in an appropriate space on the right-hand page. 

The clarity of the record on the chronograph tape should be indicated for each 
station in the space provided below the other recorded data. The amplitude of the 
sound received at each shore station (6816) should also be recorded in the space provided. 

On the ‘Remarks’ line should be recorded any general information relating to the 
operation as a whole. 

Spaces are provided at the bottom of each right-hand page in which the initials of 

the persons performing the operations should be entered. 

In R.A.R. surveys, buoy stations are frequently located by R.A.R. distances from 
or to the buoy to be located. These data should be recorded in the Bomb Record and 

clearly identified by a notation in the margin of the left-hand page, as shown in figure 
184. 

Bomb positions during a taut-wire measurement for the purpose of determining 

the velocity of sound experimentally should likewise be identified. Such bomb posi- 
tions should be numbered so they cannot possibly be confused with position numbers. 
They should all be indexed on the first or second page following the title page of volume 

No. 1 of the Bomb Records. 
Before a survey controlled by R.A.R. can be plotted, the velocity of sound which is 

to be used for each distance at each position must be entered in the Bomb Record. 
These velocities should be entered in the left-hand column under the heading “ Dis- 

tances (meters)”’; the right-hand column should be reserved for possible future changes. 
It is not necessary to enter velocities in the Bomb Record for R.A.R. distances taken 
for the purpose of locating buoy stations. At some convenient place in the Bomb 
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Record, preferably at the end of each day’s record, the initials of the persons entering 
and checking the velocities should be recorded. 

Distances in meters are no longer used in plotting R.A.R. smooth sheets (see 763), 

and need not be determined. All R.A.R. smooth sheets are plotted at an assumed 

velocity of sound of 1,460 meters per second. Therefore the elapsed times must be 
converted to account for the difference between the actual velocity of sound and a 
velocity of 1,460 meters per second. It is necessary to change the actual elapsed times 
to what they would have been had the velocity been 1,460 meters per second. There 
are several methods of making this conversion. The increment to be added to the 
elapsed time (because the actual velocity will almost always be greater than 1,460 
meters per second) may be found from the following relation: 

actual velocity — 1,460 
1,460 Increment= Xelapsed time 

These increments may be determined with sufficient accuracy on a slide rule. 
Table 36 contains factors by which the elapsed times may be converted into times at 
the plotting velocity; a computing machine should be used. These factors may also 
be used to construct a graph or a table of increments for a limited range of velocity. 

The converted times to be used in plotting the smooth sheet should be entered in the 
Bomb Record in the spaces to the right of the corresponding elapsed times. 

The Bomb Records shall constitute a part of the permanent records of an R.A.R. 
survey. The volumes shall be numbered separately and consecutively in the proper 

chronological order. The cover label and title page of each volume shall be completed 
in accordance with the instructions in 819) for the Sounding Record. The registry 

number of the survey shall be entered in pencil in the proper space. The total number 
of bomb positions should be given, followed in parentheses by the number used to control 
the hydrography. 

8312. R.A.R. and Dead Reckoning Abstract 

The use of the R.A.R. and Dead Reckoning Abstract (Form 722) is not required for 
surveys controlled wholly by R.A.R. It is a convenient work sheet, however, which 
many hydrographers prefer to use for ready reference while plotting the positions on the 
boat sheet. Some of the entries duplicate the information contained in the Sounding 
Record. However, it contains the only record of the elapsed times from R.A.R. sta- 
tions available at the plotting station. The velocity used in plotting each distance on 
the boat sheet should be entered in the ‘‘Remarks”’ column, or if the same velocity is used 

in plotting all distances it should be entered at the top of each page. 

For surveys controlled wholly by R.A.R., the abstract shall not constitute a part 

of the permanent records. They should be made available for use by the smooth-sheet 
plotter, but may be destroyed after the smooth sheet has been verified and reviewed 

at the Washington Office. They should not be transmitted to the Office. 
Occasionally, dead reckoning must be used to supplement R.A.R., as for example o: on 

offshore loops (3371); in such cases Form 722 must be used, and should accompany 

the other records of the survey, and be forwarded to the Washington Office. After the 

survey has been reviewed, the abstracts are destroyed. 

Form 722 must always be used in connection with astronomic control and should 
be forwarded with the other records of the survey when they are transmitted to the 
Washington Office. 



Pace 779 RECORDS AND REPORTS 8313 

8313. Astronomic Sights 

Where sounding lines have been controlled by astronomic sights, recorded obser- 
vations and computations on Form 719, Astronomic Sight for Hydrographic Control, 

and the sheets on which the lines of position were plotted, and Form 722, R.A.R. and 
Dead Reckoning Abstract, shall be assembled in chronological order and bound in a 

folder and forwarded to the Washington Office. The computations and the plotting 
sheets for any one hydrographic position should be assembled together. 

Smooth copies need not be made of any of the computations or data—the originals, 
if legible, will suffice. ° 

The use of Form 719 for the computation of astronomic sights is explained in 3382 

and the plotting of morning and evening star sights on separate sheets is described in 

3387. 
No written report need accompany these records unless the observations have been 

used for unusual purposes, or methods not described in this Manual were used in 
_adjusting the sounding lines to the lines of position. 

832. ContTroL RECORDS 

In addition to the control stations located by triangulation and topography, sup- 
plemental stations must often be located by hydrographic methods for use during the 

hydrographic survey. This is particularly true of offshore surveys, where buoy stations 
are always located by the hydrographer. The observations taken to locate such stations 
must be recorded permanently and the record, together with the associated computa- 

tions, must be transmitted to the Washington Office with the smooth sheet. These 

are the sole records of the data used in determining the positions of the buoy stations, 
and they form a part of the permanent records of the survey. 

The location of buoy stations requires a large amount of varied observation data 
and computations. Such control records may be conveniently grouped as follows: 

(a) Buoy stations located by direct reference to shore control and the necessary computations 

(see 8322). 

(b) Observations and computations of buoy traverses (see 8323). 

(c) Buoy stations located by R.A.R. distances (see 8324). 

A buoy-controlled hydrographic survey may require only the control records listed 
in (a), or records listed in (a), (6), and (c) may be required, depending on the method of 

establishing the control and the type of survey. In any case the records and compu- 
tations should be separated into these three categories for transmittal to the Washing- 
ton Office. A notice ‘Not for Geodesy” should be included in each package of such 
records, so that they will not be sent to the Division of Geodesy when received at the 

Office. 
Typed copies of these control records and computations are not necessary; the 

original copies in pencil, if legible, will suffice. All of the computations must be on 
letter-size paper or be folded to that size for facility of storage in the archives. Only 
the accompanying report, when required, and the list of buoy station locations in the 

Descriptive Report (8435) need be typed. 

8321. Station Locations by Sextant 

Sextant observations to locate a few supplemental stations may be recorded 
in the Sounding Record with the hydrography (see 248 and 8146), but whenever a 
considerable number of stations are so located by the hydrographic party the obser- 
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vations that are taken to locate them should be recorded in a separate sounding volume 
or notebook. This record is often used by personne! who were not associated with 
the field work, so it is essential that the record be complete, clear, and self-explanatory. 

The observations taken to locate each shore station or buoy station must be clearly 
identified and the manner of recording should be as specified in this Manual. 

Observations to locate topographic detail and to determine elevations for draw- 
ing form lines from the ship, as described in 382, may be recorded in this same volume. 

All data contained therein shall be indexed on the front pages of the volume. 
This volume shall be labeled “Station Locations by Sextant” and shall be num- 

bered as one of the Sounding Records (see 819) and shall be forwarded with them as 

part of the permanent records of the survey. 

8322. Buoy Locations 

All of the computations to determine the positions of buoy stations by obser- 

vations on shore stations shall be bound together in one folder and plainly identified 
on the outside. An abstract of all computations involved in determining the position 

of each buoy station shall be made and placed in the front of the folder. Each sheet of 
computations should be headed ‘‘For location of station______-_--_ ~~ ” and these, 
together with the position computations, should be assembled together in the folder. 

A written report need not accompany the records of buoy locations, unless some 

new method is used which requires an explanation. When this is deemed advisable 

by the hydrographer, a short typewritten report should be prepared and placed in the 

folder with the abstract of computations. 
The observations to locate buoy stations are recorded in a separate sounding 

volume or notebook (see 8321) and this is transmitted with a Sounding Records— 
not with these computations. 

The folder should contain, for each buoy station located, computations on ‘at 
least the first three and sometimes on all of the following forms: 

Computation of Three-Point Problem, Form 655. 

Computation of Triangles, Form 25. 

Position Computation, Third-Order Triangulation, Form 27. 

Reduction to Center, Form 382. 

Inverse Position Computation, Form 662. 

Azimuth by Inclined Angle, Form 720. 

Where observations to locate buoys are made at shore stations, they should be 
recorded in Form 250, Observations of Horizontal Angles, or in Form 251, Observations 

of Horizontal Directions, and this record should be transmitted with the computations. 
e 

8323. Buoy Traverses 

Where buoy stations are located by traverse—by taut-wire or log distances— 
numerous records and computations are required to determine the final positions. 

For transmittal to the Washington Office these records and computations shall be 
bound in three separate folders, each being appropriately identified on the outside, 

which shall contain the following: 

Abstract of Buoys Planted, Form 714. 

(1)} Taut-Wire Traverse Observations, Form 777. 

Log runs to measure distances (recorded on Form 777). 
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(2) Abstract of Buoy to Buoy Azimuth, Form 718. 

Azimuth by Inclined Angle, Form 720. 

(3) Position computations (Form 27). 

Insofar as possible, the records and computations for each buoy station shall be 

assembled in the folders in the order in which the traverse was computed. 
A short report should be typewritten on letter-size paper and be forwarded with 

the records and computations. In it the details of the traverse should be briefly 
described under the following headings, insofar as applicable: 

A. Project.—The proper number should be given, and the method used to control the hydrog- 

raphy should be described briefly. 

B. Layout of scheme.—The general layout of the scheme of control buoys should be explained, 

unusual features of the scheme should be described, and any influencing factors should be discussed. 

C. Determination of positions.—The method of locating each tie-in buoy station and each buoy 

station not in the traverse should be given. Where a method described in this Manual is used, it 

may be identified simply by the proper reference number. 

D. Traverse closures.—For each traverse, the length of the traverse, the total closing error (in 

meters), and the closing error (in meters) per statute mile, shall be tabulated. The average closing 

error per statute mile for all the traverses shall also be given. Any method or expedient used in the 

computations or adjustment of the traverse to reduce the error of closure shall be explained. 

E. Statistics —The following statistics should be included: 

Number of buoy stations located by observations on shore stations. 

Number of buoy stations located by traverse. 

Number of buoy stations located by observations on traverse stations. 

Total number of buoy stations located. 

Number of sun azimuths observed. 

Total length of traverse (in statute miles). 

The above report need not include any description of the buoys used, the method 

of anchoring the buoys, the field methods used, or any other such details, for they 
will be apparent from the other information given. 

The following records should be bound with and be made a pant of the report: 

a. Sketch of buoy-control scheme on letter-size paper or tracing cloth. The relative positions and 

the names of the buoy stations of the traverse should be shown, and the relative positions of the 

shore stations (names are not necessary) used in locating the tie-in buoy stations. The approximate 

limits of the area surveyed should also be delineated. 

b. Record of log tests (see 4454). 

c. Record of taut-wire calibration (see 4467). 

d. Traverse adjustment (see 944). 

8324. Locations by R.A.R. Distances 

Buoy stations are frequently located by R.A.R. where the survey is controlled 
by R.A.R. and stations are required far offshore. The forms on which the data are 

tabulated, Form 713, Buoy to Buoy Distances by Bomb, and Form 715, Abstract of 
Bombed Distances, should be arranged in chronological order and bound in a folder for 
transmittal to the Washington Office. 

A short typewritten report should be included. The report should describe briefly 
the methods used to determine the positions; and if by a graphic plot, the scale of the 

projection should be given. Where the distance ares to any station do not intersect 
near a point, and a position is accepted based on unequal weighting of the measure- 
ments, the reason for this must be stated. The graphic plot should not be sent to the 

Office but it should be retained until the hydrographic survey has been verified and 
reviewed. 
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833. VELOCITY OF SOUND RECORDS 

For hydrographic surveys utilizing echo sounding or R.A.R., a knowledge is 
required of the velocity of sound in the water surveyed. The values to be used are 
based on water temperature and salinity observations made in the area, or on special 
tests, and these form a part of the record of almost every hydrographic survey. 

8331. Temperature and Salinity Observations 

The observations of water temperatures and salinities are recorded on Form 717, 
Record of Temperatures, Salinities, and Theoretical Velocities (see 6341), and the tem- 

perature and salinity graphs are plotted on Form B-1528-5, Graph of Temperatures and 
Salinities (see 6342). These forms, or the temperature curves derived from the bathy- 

thermograph slides (473) if that instrument is used, shall be arranged in chronological 
order and bound in a separate folder for transmittal to the Washington Office. The 
contents shall be appropriately identified on the outside of the folder. A written 
report is not required. 

The temperature and salinity curves should be inked and a typed copy shoulc be 
made of the record of observations, unless they were recorded in black ink originally, so 
that photostat copies can be made for interested persons. 

8332. Velocity Corrections 

Velocity corrections (561) are determined for limited areas in which, and periods 
of time during which, the physical characteristics of the water are relatively stable, so 

that mean values will suffice for use in correcting echo soundings. For each area and 
period of time, mean regional temperature and salinity curves must be drawn, from 
which the curve of velocity corrections (5614) may be derived by either the numerical 

or the graphic method: (see 5613 and 5615). These curves and computations should 
be clearly identified as to applicable area and time, assembled in sets in chronological 
order, and bound together in a folder for transmittal to the Washington Office. The 
originals will suffice—neither typed copies of the computations nor smooth copies of the 

curves are required. 
The method of computing velocity corrections has been standardized and a written 

report is not required unless, for some reason, the hydrographer finds it necessary to 

use a method not described in this Manual. In such case a short report explaining the 
method and giving the reason for using it should accompany the curves and the com- 

putations. 
The records of simultaneous comparisons (see 5522) should also be included in this 

folder, together with any tests of other sounding apparatus applicable to the equipment 

used in the survey. 

8333. Horizontal Velocity for R.A.R. 

An abstract of the results of the tests to determine the apparent horizontal velocity 

of sound should be transmitted to the Washington Office with the records of an R.A.R. 
survey. The abstract should be a tabulation of the elapsed times measured and the 

corresponding horizontal distances, measured or computed, from which the apparent 
velocities were derived. The date and time of each test shall begiven. The method by 

which each horizontal distance was determined shall be indicated. 
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Any computations made to determine horizontal distances where the bomb posi- 
tions are fixed by sextant angles and any computations made to determine the velocity 
of sound indirectly (see 6353) should be retained until the hydrographic surveys have 

been verified and reviewed, but need not be forwarded to the Washington Office. 
A comprehensive report should be forwarded explaining how the horizontal veloc- 

ities used in plotting the smooth sheet were determined, referring to 6361 and 6362, and 

the method used should be justified. The report should contain a discussion of the 
accuracy of the results, and any particular difficulties should be elaborated on. Any 
special methods of application should be described in full. 

834. SuRVEY DATA oF OTHER ORGANIZATIONS 

The records of survey data of other organizations which should be submitted with 
other records are of the following several classes: 

(a) Control data of triangulation schemes which have been connected to the federal network of 

triangulation by the establishing agency, a record of which is not in the Washington Office (see 216). 

(b) Control data of triangulation schemes which are connected to the federal network by the 

survey party (see 224). 

(c) Hydrographic surveys made by other organizations, which are not duplicated by the survey 

party, but with which a junction is made (see 3131). 

(d) Hydrographic surveys made by other organizations, which show changes or are of more recent 

date than those on which the charts of the area are based. 

(e) Maps or blueprints from other sources which are submitted to supplement a topographic 

survey of this Bureau (see 2361). 

(f) Maps or blueprints from other sources which show changes which have taken place in the 
areas, useful for chart correction. 

With respect to (a) and (6), descriptions of stations, geographic positions, and a 

sketch of the triangulation are required. Copies of the hydrographic surveys in (ce) 
must be forwarded with the other records of the hydrographic survey, unless there is 

reasonable assurance that copies are already in the Office files, in which latter case they 

must be unmistakably referred to by an identifying number. With respect to (d), (e), 

and (f), copies of the surveys must be furnished in each case. 

Copies of the maps and surveys in (ce), (d), (e), and (f) are useless unless each is on 

an accurate projection by which it can be correlated with the work of the Bureau, or 
unless each contains at least three points whose geographic positions are known (see 

2361 and 3131). | 
Copies of surveys or maps in (d) and (f) should be forwarded only after proper 

evaluation as to their usefulness and accuracy has been made by the field party. To 

be of value they must show; first, information of a nature suitable for charting, and 
second, only projects actually completed. The surveys must be of sufficient accuracy 

to permit their application to the chart without undue forcing. The Chief of Party 

shall state over his signature the fact that an examination has been made on the ground 

and that the actual existing conditions have been noted on the plan; the date of the 
examination shall be shown. 

With respect to (e) and (f), features that are of use to the navigator as landmarks 
are important and must be located by the field party independently from the plan. 

835. COMPLETION OF RECORDS AND REPORTS 

It should be the aim of the Chief of Party to forward all field records and sheets 
in a condition as nearly completed as the circumstances permit. Before forwarding, 
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he shall inspect thoroughly each sheet and Descriptive Report, and in a general way the 

accompanying records. Any deficiency must be fully explained. AIL results of field 
work shall be forwarded to a Processing Office or to the Washington Office as soon as 

practicable after the completion of the field work and, unless otherwise authorized, 
before the beginning of another project or another season’s work. 

8351. Data To Be Forwarded 

For convenient reference there is given herewith a summary of the data to be for- 

warded to the Washington Office in connection with different types of hydrographic 
surveys. This list should be consulted before the records and reports are prepared 

for shipment. (See also 859.) 

A. FOR EVERY HYDROGRAPHIC SURVEY 

Smooth sheet: 
Hydrographic title sheet (Form 537). 

Tracings of junctions of adjoining surveys. 

Overlay tracings of congested areas. 

Boat sheet: 

Tracings of transfer of topography. 

Sounding Records (Form 275): 

List of control stations. 

Record of cuts to hydrographic signals (if recorded separately). 

Wire-drag records (Form 411). 

Descriptive Report: 

Statistics. 

Tide note. 

Geographic name list. 
Buoy station locations. 

List of wire-drag groundings. 

Approval sheet. 

Descriptions of hydrographic stations (Form 524). 

Recovery of topographic and hydrographic stations (Form 524). 

Tide records (as available) : 

Report of establishment of tide station (Form 681). 

Marigrams. 

Tide tabulations and computations. 

Leveling record, tide station (Form 258). 

B. ADDITIONAL FOR ECHO SOUNDING 

Fathograms. 

Record of temperatures, salinities, and theoretical velocities (Form 717). 

Bathythermograph record of serial temperatures. 

Graphs of water temperatures and salinities (Form B-1528-5). 

Computations of velocity corrections. 

Velocity correction curves (Form J-100-5). 

Velocity correction abstract (with Descriptive Report). 

Overlay tracings showing silted areas. 

Cc. ADDITIONAL FOR RADIO ACOUSTIC RANGING 

Bomb Records (Form 670). 

Record of tests to determine apparent horizontal velocity of sound in sea water. 

Report on horizontal velocity for R.A.R. 

Record of locations of R.A.R. stations. 

Tracings of dead-reckoning plots. 

Report on buoy stations located by R.A.R. 
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D. ADDITIONAL FOR TAUT-WIRE MEASUREMENTS AND BUOY CONTROL 

Abstract of buoys planted (Form 714). 

Buoy-to-buoy distances by bomb (Form 713). 

Abstract of bombed distances (Form 715). 

Azimuth by inclined angle (Form 720). 

Abstract of buoy-to-buoy azimuths (Form 718). 

Astronomic sights for hydrographic control (Form 719). 

Plotted lines of position. 

Position computations (Form 27). 

Geographic positions of buoys (Form 28B). 

Buoy station locations (with Descriptive Report). 

Calibration of taut-wire apparatus. 
Taut-wire traverse observations (Form 777). 

Report on buoy traverses. 

Record of cuts to locate buoy stations. 

Record of log tests. 

Logs of runs to locate buoy stations by log (Form 777). 

E. ADDITIONAL FOR ASTRONOMICALLY CONTROLLED SURVEYS 

Astronomic sights for hydrographic control (Form 719). 

Plotted lines of position. 

R.A.R. and dead reckoning abstract (Form 722). 

Record of log tests. 

F, AREA REPORTS 

Landmarks for charts (Form 567). 

Positions of fixed aids to navigation (Form 567). 

Coast pilot notes. 
Geographic name report. 

Chart for United States Coast Guard. 
Progress sketches, 

Triangulation station descriptions (Form 525). 

Triangulation station recovery notes (Form 526). 

Current observations (Form 270): 

Abstract of currents observed (Form R-233). 

Magnetic declination records (Form 38a): 

Observations and computation of compass deviations (Forms 354, 355, and 356). 

836. SHIPMENT OF RECORDS 

Form 413, Letter Transmitting Field Records, shall be used to transmit all hydro- 
graphic records to the Washington Office, the original and one duplicate being mailed in 
a separate envelope. 

Sheets and records, when forwarded by mail, should be well wrapped and registered. 
Packages weighing less than 4 pounds each may be mailed under frank, ana registered 
by payment of the registry fee only. Any number of packages may be mailed at one 

time. Packages weighing between 4 and 70 pounds cannot be mailed under frank and 
registered; parcel post postage plus the registry fee must be paid. Such packages are 

handled with the same care as though sent first class. The smooth sheet, boat sheet, and 
Sounding Records shall be mailed at different times as security against total loss of the 
survey records. 

When sheets and records are forwarded to the Office, each package of a season’s 
work shall be numbered consecutively, beginning with No. 1 and continuing until all 
data for the season have been forwarded. 

465382—44——51 
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The number of each package and a list of its contents, with a reference to the regis- 

try number of the survey, shall be noted in the transmittal letter. A carbon copy 
of Form 413 transmitting the records shall be included in each package. 

Records and computations destined to divisions other than the Division of Charts 
should not be included with hydrographic data on the same copy of Form 413. 

Sounding Records and other data should be duplicated only when specifically di- 
rected or when there is considered to be an unusual risk in the method of forwarding. 
(See also 326 and 796.) 

84. DESCRIPTIVE REPORT 

A Descriptive Report shall be written and submitted to accompany each hydro- 
graphic sheet. A separate Report for each sheet is preferable, but where much of the 
information, such as control data and survey methods, is common to several sheets, as 

in launch surveys, one Report may be submitted for two or more adjoining sheets of a 
season’s work. Where separate Reports are submitted, cross references can be utilized 
to avoid repetition of parts of the text. 

The purpose of the Report is to supplement the smooth sheet and Sounding Re- 
cords by information that cannot be shown graphically on the smooth sheet or to direct 
attention to important results. It outlines the conditions under which the work was 

done. It should be written with a view to assist the cartographers who verify and re- 
view the survey and chart the results. It serves to index all records and reports which 
are applicable to the survey, and to give, in concise form, information on certain stand- 

ard subjects. The Descriptive Report should, therefore, be written with these purposes 
in mind. General statements, as well as the detailed tabulation of self-evident data, 
such as inshore rocks and shoals, or rocks or coral heads that are encircled by depth 
curves, serve no purpose and should not be included. 

A daily journal should be kept by the hydrographer, in accordance with 385, as a 

satisfactory Descriptive Report cannot be written from memory nor by an individual 

having no personal knowledge of the field work unless he has such a carefully prepared 
journal. 

Notes made on the boat sheet to supplement the daily journal shall, if applicable, 
be incorporated in the Descriptive Report. 

In surveys of large extent or of a complicated nature, it may be advisable to write 
special reports on certain phases of the work covering the entire season or area. A cross 

reference to each of these should be made under the proper heading of the Descriptive 

Report. 
The Descriptive Report of a limited isolated survey should include all data, com- 

putations, forms, etc., ordinarily mailed as separate reports, with the exception of those 

specifically required to be submitted separately, such as coast pilot notes and landmarks 
for charts. 

841. SEQUENCE OF CONTENTS 

The various data which are required on separate sheets shall be arranged before and 
after the text in the sequence described herein. 

8411. Descriptive Report Title 

Form 504, Descriptive Report, shall be used as the outside cover sheet, all of the 

appropriate entries being made. 
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8412. Title Sheet 

Titles shall not be placed on hydrographic sheets by the field party. But the 
information for the title of a survey shall be furnished on Form 537, Hydrographic Title 
Sheet. One copy shall be forwarded attached to the smooth sheet, and one copy shall 

be inserted in the Descriptive Report. Entries shall be made in all applicable spaces 
on the form. The title of a hydrographic survey must clearly indicate the limits of 
the survey and agree with the entries in the Sounding Records. The information 
shall include the specific locality, year of the survey, the names of those persons actually 
in charge of sounding, the depth unit, and the plane of reference. (See 9322.) 

8413. Index of Sheets 

Where there are a number of sheets in one project, an admirable practice is to 
make an index of these on a small-scale outline map, on which the limits, numbers, 
and scales of the various sheets are shown. Where this is done, a copy should be 
inserted in the Descriptive Report, with the specific survey crosshatched or otherwise 
indicated, as it is of considerable assistance to the cartographers and others using the 
records. The scale of the index is immaterial, but the size of the paper should be 8 by 
10% inches. It may be prepared at an enlarged scale for reduction and multilith 
reproduction in the Washington Office, or drawn on tracing cloth at the final scale for 
ozalid prints. In addition to the limits of sheets of the project it should include any 
junctions with prior surveys. Prior surveys in the area may also be outlined if this can 
be done without confusion. 

842. DescrieTIVE REpPorT TEXT 

The text of the Descriptive Report shall be typewritten on letter-size paper with 

a left-hand margin of at least 1 inch. It need not be submitted in duplicate. 
Each text shall be entitled ‘‘Descriptive Report to Accompany Hydrographic 

Survey H-______- (Hicla Noho the he ttle de )” (insert registry and field numbers) and 

shall include the title and yearof the survey. At the top of the page shall be given the 
scale of the survey, the names of the Chief of Party and the major survey vessel, and 
the name of the officer in immediate charge of the field work, if other than the Chief 
of Party. i 

The text should be written clearly and concisely, and according to a standard 
form. It is intended to supplement and not duplicate the information which is more 
clearly evident on the smooth sheet. Methods and instruments may be identified and 
verbose explanations avoided by use of the reference numbers in this Manual. Wherever 
reference is made in the text of the report to a feature on the smooth sheet, the latitude 

and longitude shall be given. The text shall be arranged under the following lettered 
headings and in the order appearing here, omitting any inapplicable headings. 

A. Project.—Include the project number and date of original, instructions, and the dates of any 

supplemental instructions and letters which are pertinent. Give also the addressee of the instruc- 

tions and letters if they are addressed to a person by name. (See 121.) 

B. Survey limits and dates.—Give the general locality and limits of the survey and refer to the 

index of hydrographic sheets if one is included. Give the dates of beginning and ending field work. 

If the survey makes a junction with prior surveys, mention these by registry numbers, dates, and 

scales; and if an index of sheets is not furnished, list by registry numbers all contemporary surveys 

with which junction is made. 
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Include any remarks about the progress of the work, explaining especially the reason for any 

unsatisfactory progress. 

C. Vessel and equipment.—tIdentify the vessel or vessels actually used in the survey and give 

the general area in which each operated. If the survey was made from launches, state whether they 
operated from the ship, from a camp, or from a shore base, giving the locality or localities of the latter. 

Give the turning radius of each vessel at the speeds at which each was operated during hydrog- 
raphy in accordance with 3463. 

Identify by types and serial numbers all echo-sounding instruments used, give the type of other 

sounding equipment used, and the general area or depths in which each was used. 

D. Tide and current stations.—Give the location of the tide station and any time or range correc- 

tions which were applied to the tidal data in reducing the soundings. If more than one tide station 

was used, identify specifically the parts of the survey to which each applies. 

List the current stations if any were occupied. 

E. Smooth sheet.—State where and how the projection was made, whether by hand or by ruling 

machine, and how the shoreline and signals were transferred if unusual methods were used, as for 

example, those described in 7331 and 7334. 

State whether the transfer of shoreline and topographic details has been verified in accordance 

with 757. 

F. Control stations.—Give the source of the control for triangulation stations; give the name of 

the Chief of Party, and the year of location. For topographic stations give the registry numbers 

and years of the topographic sheets from which the positions of the stations were taken, identifying 

the method used on each; that is, planetable, air photographic, or graphic control. 

Where survey buoys were used for control, explain in detail the method used to locate them unless 

a special report has been made (see 832), in which case a mere mention of the method of control and a 

reference to the report will suffice. 

Explain in detail any special or unusual methods used to lecate any control stations, identifying 

them by name. If the positions of the control stations in any part of the area are less accurate than 

in other parts, or if any specific stations are less accurate, identify these by area or by name, giving 

the reason for the deficiency and a statement as to what effect this may be expected to have on the 
position accuracy of the soundings. 

G. Shoreline and topography.—Give the source of the shoreline and topographic details, identi- 

fying topographic surveys by number and year. If any of the shoreline or topographic details were 

found to be inaccurate or to have changed since the original survey and were revised by the hydrog- 

rapher, identify specifically the parts revised, giving reasons for revision and complete details of the 

methods used. (See 381 and 753.) 
Any discrepancies between the topographic and hydrographic surveys which had to be adjusted 

should be explained in detail in accordance with 7827. 

If the survey is of an area where there is no prior topographic survey and the hydrographic party 

furnishes these details, a statement should be made as to their accuracy and the methods used, and 

whether they are adequate for charting (see 3812). 

If the low-water line is not defined by the soundings, describe the conditions that prevented this. 

(See 3122.) 
H. Soundings.—State the methods by which the depths were measured, describing in detail 

any unusual methods or equipment and any unusual corrections that were applied to the recorded 

depths. 

I. Control of hydrography.—State the methods of horizontal control used and define the dif- 

ferent areas in which each was used. Explain in detail any unusual or substandard methods. If 

any part of the work had to be adjusted in horizontal position give the reason and the method of 

adjustment used. 
If R.A.R. control was used explain in detail the method of determining the velocities used and the 

method of plotting, unless this is included in a special report (8333) to which reference may be made. 

J. Adequacy of survey.—State whether the survey is complete, and whether it is adequate to 

supersede prior surveys for charting. Identify any part of the survey that is incomplete and state in 

detail what is required for completion. Identify any part of the survey that is less reliable than the 

remainder or that fails to comply strictly with the requirements of the Hydrographic Manual or of 

the project instructions, giving the reasons in each case. 

State whether the junctions with the adjoining surveys are satisfactory or whether holidays or 

excessive differences exist. State also whether the depth curves can be adequately drawn at the 

junctions. 
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Mention any nonstandard depth curves used to define special submarine features. 

K. Crosslines.—State the percentage of crosslines run and give discrepancies at crossings in 

percentages of the depth; a list tabulating each crossing is not required except for surveys controlled 

by R.A.R. (See 3571 and 7722a.) 
L. Comparison with prior surveys.—Compare the results of the new survey with those of prior 

surveys in the area, identifying the latter by registry numbers, dates, and scales. (See 3234 and 

3521.) State the general agreement or disagreement between the new survey and prior surveys; 

describe, in general, investigations made of any discrepancies found and give conclusions reached as 

to the reasons for the discrepancies. 
List in tabular form any features or depths on prior surveys whose existence has been disproved, 

and which should be deleted from the charts. Include in the list bare rocks, as well as subsurface 

features and depths. 

Discuss the agreement or disagreement in depths at junctions with prior surveys and if an adjust- 

ment is required, make a recommendation as to how this is to be effected. (See 3132.) 

Compare the new survey with any surveys in the area by the United States Corps of Engineers. 

Since these are generally not duplicated, the discussion will ordinarily be limited to the agreement or 

disagreement at the junction. The Engineers surveys should be identified by date, scale, and sheet 

number and, unless copies are known to be available in the Washington Office, those with which 

comparison is made should be forwarded with the smooth sheet. 

M. Comparison with chart.—Compare the new survey with a copy of the largest-scale chart of 

the area, identifying the chart by its print date and give similar information, without duplication, to 

that required for the prior surveys. Dangers, shoals, and wrecks are often charted from sources 

other than the surveys of the Bureau and it is important that definite recommendations be made as 

to the disposition of differences between the new survey and the chart. This comparison shall be 

made, regardless of any difference in scale between the new survey and the chart. If the comparison 

required in L has been made, most of the charted data will already have been considered. If the 

comparison required in L has not been made, this comparison with thg chart shall be complete 

and detailed. (See 3522.) 

N. Dangers and shoals.—Tabulate and describe the zmportant newly found dangers and shoals, 

giving the latitude and longitude of each, and the least depth on each with its position number. 

Complete information should be included in the Sounding Record regarding the extent of develop- 

ment, including the time spent in drift sounding over an area or in watching for breakers. This 

information should not be repeated in the Descriptive Report except in special cases. (See 3666.) 

Reported uncharted dangers and shoals should be discussed fully giving the depths found and the 

area covered and time spent in search for any reported danger not found. 

Dangers and shoals found with the wire drag but not cleared should be listed, with the least 

depth found in each case and additional information as required above. 

List charted dangers or shoals, or those shown on prior surveys on which the least depths are less 

than those found on the new survey. Discuss each case separately as to the adequacy of the new data 

and make a recommendation in each case as to whether the previous depth should be retained. (See 

352 and 363.) 
Mention specifically each danger reported to the United States Coast Guard in accordance 

with 8522. 
Include a statement that all charted dangers, shoals, and bare rocks were found as charted, or 

shoaler depths were found except for those listed in L, M, and N. 

O. Coast pilot information.—Information included under this heading shall be repeated in a special 

coast pilot report in accordance with 912, or an extra copy should be furnished and marked for the 

Coast Pilot Section. (See 159.) 
List any areas recommended as anchorages in newly surveyed areas and give the following infor- 

mation: depth of water; holding quality of the bottom; ranges or bearings for entering or anchoring; 

protection from wind, sea, and currents; the availability of fresh water; and the extent used by the 

survey ship and other vessels. 
List the places where the ship or launches anchored while making the survey and give information 

similar to the above insofar as it is applicable. 

Describe natural channels that can be used for navigation. Give recommended courses and the 

controlling depth and its location in each, according to the new survey. Give controlling depths and 

their locations in all artificial channels. Recommend courses for navigating any part of the area for 

which this information is available. s 
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Describe all useful ranges, bearings, and other marks for clearing dangers or passing close by or 
over them and the best courses across bars in accordance with 356. 

Describe the prevailing weather in the area for the period of the survey if it is a little-known area; 

otherwise, describe only weather conditions differing from normal. 

Describe the currents encountered in the area (the average and maximum experienced) and give 

their directions, and state the basis of the information if current observations were not made. 

Mention any wrecks or obstructions which are dangerous to navigation (see 365). 

P. Aids to navigation.—The positions of fixed aids to navigation shall be reported on Form 567 in 

accordance with 8532. A reference to this report shall be made, 

List all floating aids to navigation located, using the exact nomenclature given in the Light List, 

and give the latitude and longitude of each, the depth of water at each, the position number or numbers 

of the location data, and the date of location. (See 784 and 8531.) 

Mention specifically any aids to navigation whose positions or characteristics differ materially 

from those on the charts or in the most recent edition of the Light List (see 784). 

A reference shall be included to any report made during the field season directed to the United 

States Coast Guard relative to aids to navigation. (See 3832 and 853.) 

List the azimuths of all ranges maintained for navigation that were determined in connection with 

the survey. (See 3833.) 

List all unofficial aids to navigation stating their purpose, whether maintained and by whom, 

and whether such maintenance is seasonal or not, if this is known. Give the position and a description 

of each aid, and the date of establishment if known. (See 3834.) 

List the overhead clearances of all bridges and telephone or telegraph lines over waterways (see 

3836). State whether each was measured, estimated, or obtained from the ‘‘List of Bridges over the 

Navigable Waters of the United States’? published by the United States Corps of Engineers. Discuss 

any discrepancies between the field data and that found in the above publication. 
Mention any submarine cables and ferry routes within the area and give the positions of their 

termini (see 7847 and 7867). 

Q. Landmarks for charts —Data relative to landmarks for charts shall be submitted on Form 567 

on an area basis. (See 155.) A reference to this report shall be made here, with a list of the recom- 

mended landmarks within the limit of the survey, but no other data are necessary. (See 8534.) 
R. Geographic names.—A special report on geographic names is required (see 163 and 856) to 

which reference shall be made under this heading. The reports required on this subject are fully 

described in section 16. If a special report has been recently submitted or will be submitted it should 

not be duplicated here, but it should be supplemented by (1) any additional information which has 

been discovered, and (2) recommendations for naming important previously unnamed features. 

(See 164.) 
If the one survey constitutes the entire season’s work, all of the information required on geographic 

names may be included here rather than in a special report. (See also 8433.) 

Any geographic names which are found to apply to areas of indefinite extent should be discussed 

under this heading and not shown on the smooth sheet. 

S. Silted areas.— Where silted areas are detected by the use of an echo-sounding instrument, a full 

discussion shall be included as to the frequency and size of the areas and their apparent thickness. 

(See 7831.) 
T. By-product information.—Give any information of scientific or practical value resulting from 

the survey or from special investigation or observations made. If special reports of this nature have 
been submitted they should be referred to under this heading by title and author. (See 1134 and 

8585.) ; 

U.-Y. Miscellaneous.—Include under these letters other information which should be included in 
the Descriptive Report in special cases. (See for example 8434.) 

Z. Tabulation of applicable data.—Include a complete list of data connected with the hydrographic 

survey, including all forms, records, and special reports which are not made a part of the Descriptive 

Report and excluding, of course, Sounding Records and Bomb Records. Give the date each was for- 

warded to the Washington Office. (See sections 83 and 85.) 

843. SEPARATES FoLLowine TEXT 

Various tabulations and kinds of information are required on separate sheets of 
paper inserted in the Descriptive Report. Each of these that is applicable shall be 

furnished, inserted in the order in which it is described in the following items. 
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Beginning with the first page of the text, it and the attached inserts shall be 

numbered consecutively, ending with the approval sheet (8437) which is always placed 
last. 

8431. Statistics 

An abstract of statistics of field work shall be made for each hydrographic survey 
and attached to the Descriptive Report. The sheet should be headed “Statistics for 

Hydrographic Survey H-__---------~” (insert here registry number of sheet and year 
of survey in parentheses), followed by the name of the vessel and the project num- 
ber. The statistics should be arranged by days, giving for each day, the volume num- 
ber or numbers, the day letter, the date, the number of handlead and wire soundings, 
the number of positions, and the number of statute miles of sounding. Totals for the 
survey should be given, including the total number of square statute miles of sounding. 
All statistics should be given in standard units (see 124). 

Where two or more vessels are used on one hydrographic survey, the statistics 
for each should be shown separately. 

8432. Tide Note 

A tide note, on a separate sheet of paper, shall be furnished for each survey and 
included in the Descriptive Report. The location, including the latitude and longi- 
tude, of each tide station used for reducing the soundings plotted on the sheet shall 
be given. If more than one station was used, the tide note should define the limits 
of the area in which each was used. This note should also state the height of the 
tide staff at each station corresponding to the plane of reference and whether any 
corrections for differences in time or height were applied to the observed tides. If 

the hourly heights were furnished from the Washington Office the tide note should so 
state. Should the same tide note be applicable to more than one survey, a copy of 
the original note shall be included in the Descriptive Report of each. 

8433. Geographic Name List 

An alphabetic list of all the geographic names penciled on the smooth sheet 

shall be prepared separately and inserted in the Descriptive Report (see 165). The 
list may be arranged in two columis, if there are many names, provided there is a blank 
space of 1% inches to the right of each column for Office entries (see 9321). No other 

information should be included with this list, except references to any special reports on 
the subject and to the pages of text of the Descriptive Report, where geographic names 

are discussed. (See also section 16.) 

8434. Velocity Correction Abstract 

An abstract, in tabular form, of the velocity corrections which were applied to 
the echo soundings shall be included as a separate entry, for each survey where echo 
soundings are used. These corrections will generally be derived from the correction 
curves which are submitted with the special report on the velocity of sound (see 833). 
If a special report is not submitted, a detailed explanation of the derivation of the cor- 
rections shall be furnished under one of the U to Y headings in the Descriptive Report. 
(See also 561.) 

If different corrections were applied through different time periods, the abstracts 
shall indicate clearly to which periods each abstract of corrections is applicable. If 
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the same corrections are applicable to several surveys, a copy of the data shall be 
included in each Descriptive Report. 

8435. Buoy Station Locations 

Where buoy stations or R.A.R. stations were used and final positions of these have 
been derived other than by plotting on the smooth sheet, an alphabetic list shall 
be prepared giving the correct latitude and longitude of each station. If two or more 
buoy stations in close proximity to each other were used, the inclusive dates between 
which each was used shall be noted. 

A concise reference to the method of location, the records containing the observed 

data and the computations, and to the special report which contains the buoy location 
data, if one was submitted, shall be added. (See 832.) No other data should be in- 
cluded on this separate insert. 

8436. Miscellaneous 

After the abstract of buoy locations and before the approval sheet there shall be 
inserted any other data which are believed to be an essential part of the records. If these 
are voluminous they should be bound separately in their proper groups (see section 83) 
and forwarded with the records of the survey, but should not be included in the Descrip- 

tive Report. Examples of such are the original observations, computations, and plotted 
lines of positions of astronomice sights; the computations of buoy stations; the velocity 

of sound tests; and the computations of taut-wire traverses. Smooth copies of these 
are not required—the originals will suffice—nor is it necessary to ink the originals 

(see for example 3382). 
8437. Approval Sheet 

The Chief of Party shall furnish on a separate sheet of paper, attached to the 
Descriptive Report, a signed statement of approval of the survey. This shall serve as 
a general approval of the smooth sheet and all accompanying records (see 3411 and 
7941). It should include a statement as to the amount of personal supervision of the 
field work and the frequency with which he examined the boat sheet, whether the sur- 

vey is complete and adequate, whether additional field work is recommended, and any 
additional information not included in the Descriptive Report that may be of assistance 
to the Office in reviewing the survey. 

When a hydrographic sheet is transferred elsewhere for completion, in accordance 
with instructions from the Office, approval shall be made of only that part of the smooth 
plotting completed at the time of transfer. If the completed smooth sheet is returned 

to the Chief of Party for examination prior to transmittal to the Washington Office, 
his approval of the entire sheet should then be added. 

844. ADDITIONS AT WASHINGTON OFFICE 

Between the receipt of the hydrographic sheet and accompanying records at the 
Washington Office and the final approval of the survey by the administrative officers, 
certain forms and reports are added to the Descriptive Report, in the order referred to 
below. The purpose of each addition is briefly stated. 

a. Records accompanying survey and Office statistics—On this form an entry is made of the 

records accompanying the survey, such as, the number of boat sheets, sounding volumes, and wire- 

drag volumes, but this is in no sense a list of the data required in 8422. 
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On the same form there are included certain Office statistics incident to the verification and review 

of the survey, such as, names of the verifier and reviewer, the time required for the Office completion 

of the survey, and the amount of revision made to the sheet during verification. 

b. Immediate attention routing.—As soon as a Descriptive Report is received at the Washington 

Office it is examined and routed to sections for immediate attention to any specific information 

therein. Form M-238 is used. 
c. Tide note-——The Records are examined, insofar as tide reducers are concerned, in the Divi- 

sion of Tides and Currents. A memorandum is prepared, approving the plane of reference for the 

hydrographic survey, based on the information included in the tide note submitted with the Descrip- 

tive Report (see 8432). There are also given the final value of the plane of reference (sounding datum) 

in relation to the tide staff and bench marks, and the height of the plane of mean high water above the 
plane of reference. Attention is called to any deficiency in the tide records. Form 712, Tide Note for 

Hydrographic Sheet, is used for this memorandum and is substituted for the original tide note, which 

is discarded. (See 9323.) 

d. Review.—A report is written by the cartographer who reviews the survey. This report com- 

pares the results of the survey with prior surveys in the area and with the charts, calls attention to any 

deficiencies, and lists additional work which should be done. The report is inspected by the Assistant 

Chief of the Surveys Branch, and is approved in writing by four administrative officers. The original 

of this report is inserted in the Descriptive Report, and a copy is sent to the Chief of Party under 

whose direction the field work was done. (See 9348 and 935.) 

845. DEFICIENCIES IN FoRMER DESCRIPTIVE REPORTS 

Important deficiencies in Descriptive Reports submitted in the past have been: 

(a) The report consisted mainly of general statements of self-evident information. 

(b) Important charted soundings were not mentioned individually nor was definite reeommenda- 

tion made for their disposition. 

(c) The time spent on the investigation of differences between the new survey and prior surveys 

was not given. 

(d) The Descriptive Report was not signed by the hydrographer or was not approved by the 

Chief of Party. 

(e) References to United States Engineers blueprints did not include the survey numbers and 

dates. 
(f) Bridge clearances were not compared with charted or published values, or recommendations 

were not made as to the best disposition of differences. é 

(g) No mention was made of overhead cables, submerged cables, transmission lines, etc. 

(h) No comparison was made with the published chart or with prior surveys because of differences 

in scale. . 

85. MISCELLANEOUS REPORTS 

A number of miscellaneous reports are required from all hydrographic survey parties 
in addition to any previously described in this chapter. Most of these are required at 
certain time intervals during the survey, or at the end of the season on an area basis. 
A description of each report, or form, required and the data to be furnished are given. 
A list of these is given in 859; it should be referred to in conjunction with the list in 8351. 

851. ProGress SKETCHES AND REPORTS 

Monthly, season’s, and annual progress sketches and reports of all work accom- 
plished, shall be submitted by field parties in accordance with the Regulations. In 

certain circumstances a semiannual progress sketch and report are required. Each of 
these shall be submitted as soon as practicable after the end of the period for which the 
report is made. All progress sketches shall be made on tracing cloth, using black ink 
only. Figure 185 shows the standard symbols to be used on progress sketches. 

4653824452 
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8511. Monthly Progress Sketch 

The monthly progress sketch shall be submitted as soon as practicable after the end 
of each month. It should be made on tracing cloth with black ink only. The sketch 
and title should be neat and legible but expert penmanship is not required; mechanical 
lettering sets should be used. 

The scale of the progress sketch is usually stated in the project instructions 
(see 1218); otherwise it shall be that of the 
published chart covering the entire area of 

Buoys: Buoy Station © or @ ;Astronomic Location -Q- or @& the season’s work. Progress sketches of 

RAR. Station © or @ ; Astronomic Location -- or @ coastal surveys in the Philippine Islands 

should, if practicable, be on a scale of 1:100,000 
(the scale of Philippine coast charts); for 

| harbor surveys a larger scale may be used, if 
Nae cu emo necessary, to show the triangulation clearly. 

SYMBOLS FOR PROGRESS SKETCHES 

Magnetic Station Ss Tide Gage © T.G. Serial Temperatures is) 

Fathometer Tide Observation @ 

Directions: Both ends obseved AA—-  9=——O The size of a progress sketch, in inches, should 
One end not observed 2e--- —O be no larger than is required to include the 

Sun Azimuth; sesscscsstaes . season’s work, regardless of the size of the 

Distances: STU GNC ee ee ee ne ih | h e ll A E 1 

Tate wife wih feaustie Mccsuremaptwiasoeln 2 ey 6 BCMAPrOBTess sketch sha contain a title, 

ray similar to those on smooth sheets, giving the 
eh ekeedeted ia (eae ee IRE: following information: class of work, locality, 

____ geale, project number, dates of survey, name 
Acoustic__ -» —. ~~ (Measured in Both Directions) A 

of vessel or party, and name of Chief of Party. 
Praversetie, yy TautNiie: Sa == he! scale may be eiven! asl aire lOmin 

Taut Wires Sua f2 wilh Secustic Distake——>—— referring to the chart from which) thespmnceem 
SE NE Se a tion has been traced. 
AE Akt aR OES Iai ae a The progress sketch must contain a pro- 

Hydrography: Area Suneyed §— MIM, oo $8 ~Jection and just enough shoreline and geo- 

7." graphic names for easy identification; detail 
“Uni, ~~ 83 should be omitted so that all field work 

accomplished can be clearly shown. Topography: 

Progress for all types of work should be 
Wire Drag Areas: (VY added each month. The information should 

Ce IN en be generalized, the principal object being to 

im: report areas surveyed and in a way so that 
Triangulation: Recovered Stations Q) New Stations 2. the information can be transferred to the 

Baseline ————— --—~—”—« Office: progress charts; actual soundine lines 
Main Scheme cote ee ee SHOU GonOtsbe shod: 

Intersection Directions As the survey sheets are laid out (see 
Observed one Direction ZN» -----/\ 1361), their ‘limits’ ‘should “be "showmesaun 

FIGURE 185.—Symbols for progress sketches. identified by field numbers on the monthly 
progress sketch, if this is practicable without 

confusion ; otherwise the sheet layout diagram on a separate tracing should be forwarded 
to the Washington Office with the progress sketch each time additional sheets are laid 
out. (See also 1542.) 

A new monthly progress sketch shall be started at the beginning of each season, and 
continued throughout the season, irrespective of fiscal years. The results of each 
month’s work are added from month to month. Monthly progress sketches will be 
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returned to the Chief of Party, without request, after the information on them has been 

transferred to the Office progress charts. 

8512. Season’s Progress Sketch 

A progress sketch, made on tracing cloth, summing all the information shown on 
the monthly progress sketches, shall accompany the season’s report. The monthly 
progress sketch may be used for this purpose, if desired. The title must state ‘“Progress 
Sketch to Accompany Season’s Report,’ and should include the date of closing field work 
in addition to the information in the title of the monthly progress sketch. When this 
tracing is forwarded it should be accompanied by a request for the number of copies 
desired. 

Any triangulation executed by a field party shall be shown on a separate 
progress sketch also attached to the season’s report. This sketch should be prepared in 
accordance with instructions on pages 115 and 116 of Special Publication No. 145. 

8513. Annual and Semiannual Progress Sketches 

A progress sketch on tracing cloth with maximum dimensions of 8 by 10% inches 
(standard letter paper size) shall accompany the annual report and be submitted as of 
June 30 of every year. A similar progress sketch shall also accompany the semiannual 
report when the latter is required (see 8516). Ifa field party has worked on more than 

one project during the fiscal year, a separate sketch is required for each. The scale of 
this sketch must necessarily be small. Triangulation may be generalized to show the 
area covered. The title should state ‘‘ Progress Sketch to Accompany Annual Report’ 
or ‘““Semiannual Report,” as the case may be, and include the following information: 
class of work, locality, project number, fiscal year, inclusive dates of field work, name of 
vessel or party, and name of Chief of Party. 

8514. Monthly Progress Reports 

Each Chief of Party, each Commanding Officer, each District Supervisor, and each 
person in charge of a Processing Office or other independent establishment, shall mail 
to the Washington Office a brief monthly report of work accomplished. This report 
must be mailed so that it will arrive in Washington, D. C., not later than the 25th day 
of the month, and shall cover the period from the date of the previous month’s report. 

Each Chief of Party shall mail to the Washington Office, not later than the 10th 
day of each month, a report and daily journal of occupation of his party during the pre- 
ceding month. This shall be made on Form 20a, Monthly Report and Journal of Field 
Party. It must be submitted in accordance with instructions printed on the back of 
the form; all pertinent details shall be furnished. This report, if properly kept, will 
furnish the information for computing the cost data required in 8515(/). 

Each Chief of Party, each Commanding Officer, and each person in charge of a 
Processing Office shall report monthly to the Washington Office the progress of office 
work on survey sheets and field records for which field work has been completed. These 
reports shall be mailed on the 1st day of the month. Separate reports are required 
for each project of each field party. Hydrographic surveys, topographic surveys, and 

other field records shall be reported separately on the three different forms which are 
provided, in accordance with the instructions at the bottom of each form. 
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Duplicate copies of reports from Processing Offices shall be mailed to the Chiefs 
of Party of the respective projects (see 926d). 

The Forms to be used are: 

M-961, Progress of Office Work on Topographic Sheets. 

M-962, Progress of Office Work on Smooth Hydrographic Sheets. 

M-—963, Progress of Office Work on Field Records. 

8515. Season’s Report 

A season’s report shall be submitted by every Chief of Party, not later than 1 
month after the season’s field work is completed. This report shall be in detail, cover- 
ing each project completed or in progress. When field work on one project is con- 
tinuous from July 1 to December 31, the report shall be made as of the latter date 
if there is no immediate prospect of completing the project. Descriptions of, and 
recommendations on, new methods of field work, descriptions of new instruments and 

equipment, and similar subject matter should be submitted as separate special reports 
(see 858). 

The following information and data should be included in the season’s report: 

(a) The project number and the name of the officer submitting the report at the top of the out- 

side cover. 
(b) Dates of original and supplemental instructions and of beginning and ending field work. 

(c) A brief chronology of the activities of the party. 

(d) Brief mention of any unusual activities, such as assistance rendered to other vessels or per- 

sons, and surveying that is not a part of the project (see for example 356). 

(e) The general organization of the party, including a list of all officers and the general capacity 

in which each was employed, giving any dates of reporting or detachment. 

(f) A table of statistics on Form 21, Statistics, Cost, and Summary of Field Work, showing 

a summary of the results obtained. Where the report covers operations in 2 fiscal years the statistics 

for the 2 years should be separated. Instructions for the use of Form 21 are printed on its back. 

(g) Cost data on Form 615, in accordance with instructions on the back of the form. The 

Monthly Report and Journal of Field Party, Form 20a, should be kept in such a manner that the 

information needed to compute the cost data will be readily available (see also 156). 

(h) A brief summary of the methods employed in executing the work. 

(7) An inventory of all computations, field records, hydrographic and topographic surveys, 

either completed or uncompleted, including any already forwarded to the Washington Office or to 

a Processing Office, and any remaining on hand from previous seasons. There should be ineluded 

an estimate of the time necessary to complete the office work on each sheet forwarded to the Wash- 

ington Office or to a Processing Office for completion. 

° (7) The season’s progress sketch in accordance with 8512. 

(k) A separate progress sketch on a larger scale, if necessary, showing only the triangulation. 

8516. Annual and Semiannual Reports 

An annual report shall be submitted as of June 30 of each year on Form M-1133-5, 
Annual Statistical Report. This report must not be delayed—no other work shall be 
allowed to interfere with its preparation and transmittal. Statistics only are required, 
the information being needed for inclusion in the Director’s annual report. A sepa- 
rate report must be made for each project. The person who is Chief of Party on June 

30 shall submit this report for the entire fiscal year, regardless of the length of time he 
has been chief of that party. The annual progress sketch (see 8513) shall accompany 
this report. 

If a project is completed between July 1 and December 31, a semiannual report, 
similar to the annual report in all respects, shall be submitted as of the latter date; if 
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ohe project is in continuous progress and not completed on December 31, the semi- 
annual report is not required. 

852. NAVIGATIONAL INFORMATION 

All persons in the service of the Coast and Geodetic Survey should report to the 
Washington Office all valuable information obtained affecting the interests of naviga- 
tion along the coasts. Special reports should be made promptly of any information 
of the following classes (giving in each case the authority and such recommendations 
as may seem desirable): rocks, reefs, shoals, or sunken wrecks (with the least depths 
on them), either not charted or incorrectly charted; important errors or omissions on 
the charts or in Coast Pilots; changes in depths or directions of channels; and changes 
in coastline, currents, etc. (See also section 17.) 

8521. Chart Letters 

Miscellaneous information submitted by a field party and others for use in chart- 
ing is filed in a “Chart Letter File” in the Nautical Chart Branch, and each communica- 
tion is known as a chart letter and is given a consecutive number within the calendar 
year. Practically every communication of this kind is so filed. 

Persons submitting such information should bear in mind the ultimate use of the 

data and submit them in a form convenient for this purpose. Letters should not be 
accompanied by enclosures of awkward size on which information has been noted in a 
way which prevents the enclosure from being cut into letter-size sections. Sketches 
should be on letter-size paper or be folded to this size; sections of charts, likewise, should 

be cut to letter size and if more than one chart-section is required to cover the area, the 
cutting should be done before any notations or other data are entered on them, to 
ensure that the entire notation appears on the section to which it refers. 

8522. Dangers to Navigation 

All dangers and wrecks discovered that are considered to be menaces to navi- 
gation shall be reported immediately by radio, telephone, or telegraph to the Com- 
mander of the nearest United States Coast Guard District and to the District Super- 
visor, and a copy of the notifying message shall be forwarded to the Washington Office. 
The message shall be in the following form: “‘ (object) covered by (depth of water) at 
(datum) discovered; distant ______ nautical miles or yards, bearing _____- degrees 
true, from (charted object).” 

A tracing from the boat sheet or chart showing the exact location ot the danger 
discovered should be forwarded to the Washington Office at the earliest opportunity. 
A statement shall be included in the Descriptive Report mentioning each danger 
reported to the Coast Guard, so that such information will not be duplicated. 

Floating wreckage, logs, derelicts, or other floating objects sighted which are 
menaces to navigation shall be promptly reported by radio, telephone, or telegraph to 
the Commander of the nearest Coast Guard District and a copy of this notification 
shall be forwarded to the Washington Office (see 365). 

8523. Erroneous Charted Data 

Charts of the most recent print date and Coast Pilots of the area being surveyed 
should be examined carefully by the Chief of Party. Should any information of im- 
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portance be shown erroneously or inadequately the Washington Office should be 
notified at the earliest opportunity. (See also 173 and 175.) In general, officers of 

the Coast and Geodetic Survey should carefully examine all charts and Coast Pilots 
covering areas with which they are familiar, and report any erroneous or inadequate 
information. 

8524. Positions of Survey Buoys 

Each time survey buoys are established or removed a report shall be made at once 
to the Washington Office in order that this information may be published in the Notice 

to Mariners (see 286). The report should give the positions of the buoys and should 
state the type and whether lighted or not, and if lighted the color and characteristics 
of the light. Where the buoys are equally spaced in a line, it is sufficient to report 
the latitudes and longitudes of the two buoys at the ends of the line and the number 
of intermediate buoys; otherwise the latitude and longitude of each should be given. 

853. Arps To NAVIGATION 

Aids to navigation are established to aid the mariner in navigating the adjacent 
waters and it is vitally important that the aids be correctly charted, that the floating 

aids be maintained in their charted positions, that they be correctly placed with refer- 
ence to the new survey, and that any deficiencies be promptly reported. 

Where the actual description or characteristics of any aid to navigation are found 

to differ from those published in the Light Lists or on the charts, the facts shall be 
reported immediately to the Commander of the nearest United States Coast Guard 
District and to the Washington Office. 

Where a lighted aid to navigation is found extinguished, report should be made 
immediately to the Commander of the nearest Coast Guard District (see also 174). 

Reference shall be made in the Descriptive Report to every report, made during the 
course of the field work, to Coast Guard officials relative to aids to navigation 
(see 842P). 

8531. Positions of Floating Aids 

All floating aids to navigation within the area of a survey shall be located, and 
listed in the Descriptive Report for that survey. The latitude and longitude of each, 
the depth of water at each, the position number or numbers of the location data, 
and the date of location shall be given. (See 842P.) 

The charted position of a floating aid to navigation is its official position, until 

notice of a change is published in the Notice to Mariners, in which case the charted 
position is corrected by hand, pending a corrected printing. Every effort is made 
by the Coast Guard to maintain floating aids at their official positions. 

Errors in the positions of floating aids are of two classes, (@) when the aid is not 
at its official position and (6) where the official position of the aid does not adequately 
serve the purpose for which it was intended. 

During the survey, if the official position of a floating aid is adequate for the 
purpose intended, but the aid is found to be not at its position, the latter fact shall 
be promptly reported directly to the Commander of the nearest Coast Guard District. 
It is important to report the date on which the aid was found to be off station and the 

distance and direction it was off station. 
During the survey, where the official position of a floating aid is found to be un- 

favorably located for the purpose for which it was intended, the facts shall be reported 
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to the Commander of the nearest Coast Guard District and to the Washington Office 
in writing. The report should be accompanied by a photostat or tracing of the appli- 
cable part of the new survey as shown on the boat sheet, with a recommendation as to 
where the aid should be located. (See also 3832.) 

Where the survey discloses the need for additional aids to navigation to mark newly 

discovered dangers, recommendation shall be made promptly to the Commander of the 
nearest Coast Guard District, and a copy of the recommendation shall be forwarded to 
the Washington Office. 

Where the survey discloses the need for additional aids to navigation to mark chan- 
nels, or for any reason other than that given in the preceding paragraph, the recommen- 
dation shall be forwarded to the Washington Office accompanied by a photostat or 
tracing of the applicable part of the boat sheet. 

8532. Positions of Fixed Aids 

The geographic positions of all fixed aids to navigation which were located during 
the season should be reported on Form 567, Landmarks for Charts. In making out this 
form, the applicable parts of the instructions given in 8534 should be followed. It is 

important that the names of the aids entered on the form be identical with those in the 
Light Lists. . 

It is to be emphasized that the positions of all aids located are to be reported, even 
if the new positions merely serve to verify previous geographic positions, or the charted 
positions. 

The report shall be made on an area or seasonal basis. A separate report for each 
hydrographic sheet is not desired. The aids to navigation shall be listed separately 
from the landmarks, since these reports serve a different purpose in the Office. (See 
also 3831.) 

Azimuths of ranges determined in accordance with 3833 shall be reported in the 
Descriptive Report for each survey (see 842P). 

8533. Chart of Objects for Use of United States Coast Guard 

The objects selected for the use of the United States Coast Guard in accordance 
with 1551, shall be plotted on a copy of the latest print of the largest-scale chart of the 
area. The chart should not be cut into sections, even though the notes apply to only a 
part of the area of the chart. A short legend as, ‘“‘Objects for Use of U. S. Coast 
Guard,” and the date of the field survey from which the information was obtained, 
shall be shown on this chart. 

The three objects selected for each fix shall be encircled in red on the chart, 
whether already charted as landmarks or plotted by the survey party. Adjacent to 
the position of each object selected, a description from which the object may be identi- 
fied shall be noted in red. The fix selected for each aid shall be indicated on the chart 
by red arrows at the aid, pointing toward the objects to be used. 

Charts with the legend ‘‘N.A. 1927” printed in the upper right-hand corner are on 
the North American datum of 1927. Charts for continental United States without 
legend in the upper right-hand corner, may be on either the North American datum of 
1927 or the North American datum (see 1125 and 2171). The geographic datum of a 
chart may be ascertained by comparing the scaled position of a charted object with its 

geographic position as given in the triangulation data (see 7362); or the datum will be 
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furnished by the Washington Office on request, as will the difference in meters between 
the field datum and the chart datum. 

The prepared chart, after the information placed thereon has been carefully veri- 
fied, shall be forwarded by the Chief of Party directly to the Commander of the Coast 
Guard District in which the area is located, with a transmitting letter stating its pur- 

pose. There may be included in this letter any explanatory information needed in 
interpreting the data contained on the chart, although the data furnished on the 
chart should be complete, if practicable. 

The following data shall be forwarded to the Washington Office: 

(a) A copy of the transmitting letter. 

(6) A list of the objects, with their latitudes and longitudes, that have been plotted on the chart 

forwarded to the Coast Guard. The list shall be prepared on Form 567, Landmarks for Charts, and 

should include only those objects not already charted. To avoid confusion with the regular use of 

the form, the title should be cut off and a new heading, “‘Objects for Use of U. S. Coast Guard,” 

written in. The datum used shall be stated. 

(c) A special report of this work. 

The transmittal of these data shall be handled as a separate subject. No other 
field information or notes shall be attached to the forwarding letter, or included in the 
envelope. 

8534. Landmarks for Charts 

A report on landmarks for charts, in duplicate, on Form 567, Landmarks for 
Charts, is required for all hydrographic surveys. This report shall be submitted at the 
end of the season for the project as a whole and not for each hydrographic or topo- 
graphic sheet. The original copy of Form 567, together with any accompanying charts 
or sketches submitted, is numbered and filed as a Chart Letter in the Division of Charts 

(see 8521). For this reason any sketches submitted shall be of letter size or prepared 
for folding to that size; likewise, any charts submitted shall be cut into letter-size sec- 
tions. The duplicate copy should be marked “Coast Pilot Section’ and notations 
made on it as to the relative prominence of each landmark, the directions from which 
each is visible or obscured, and how the landmarks affect the Coast Pilot. Only one 
copy need be submitted of any chart-sections or sketches. 

Reports on landmarks shall, if possible, be complete in themselves in order that 
further reference to triangulation data and topographic sheets may be avoided. The 
report shall state whether or not an inspection has been made to determine the value 
of the landmarks when viewed from the water area. 

Landmarks no longer in existence or which should be deleted from the chart for 
any other reason, shall be reported as follows: 

(a) Where only a few landmarks are to be reported, Form 567 may be used. The geographic 

positions need be given to the nearest tenth of a minute only. List these on a separate copy of the 

form and not with new landmarks to be charted. 
(b) Where a number of landmarks are to be reported, chart-sections shall be submitted on which 

the landmarks to be deleted are indicated (see B(3) below). Form 567 need not besubmitted. For- 

ward these chart-sections by a transmitting letter, a copy of which shall accompany other reports on 

Form 567 submitted at that time. 

Flagstaffs and flagpoles, because of their temporary nature, should be listed as 
landmarks only where there are no other suitable objects in the vicinity or if they are 
of a very permanent nature. 
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A. PREPARATION OF FORM 

Form 567 shall be prepared in accordance with the following instructions: 

(1) Objects of special importance or prominence shall be indicated by an asterisk (*) preceding 

the name of the object. In the selection of these, the total area involved should be considered by 
localities. Where an object is the most prominent in a locality it should be so marked, even though 

it may be less prominent than many others in an entirely different one. This is desirable in order that 

a proper distribution of landmarks may be available rather than a concentration of them in one locality. 
(2) In the first column headed ‘‘Description” the description shall be divided into three parts, 

as follows: 

(a) The name recommended for charting shall be in capital letters. It should be short and a 

general term and usually should not be accompanied by any descriptive terms. 

(b) Descriptive terms shall follow in lower-case letters. If it is essential that any descriptive 

term be charted in addition to the name, then the descriptive term shall also be in capital letters. 

(c) Any other identifying data shall be in parentheses. If the landmark has been located 

by triangulation, or used as a hydrographic signal, the name of the triangulation station or the 

hydrographic signal shall be given in parentheses. This will identify the landmark in the other 

records. In general such identifying data shall never be used in charting. 

(3) In the columns headed ‘‘Position” the position, where accurately known, shall be given in 

degrees, minutes, and the dms. and dps. in meters, and where so given the data will be assumed to be 

sufficiently accurate for all charting purposes. If the position is not known accurately enough for 

charting purposes, the data shall be given in degrees, minutes, and tenths of minutes; and where so 

given they will not be used for charting until more accurate data have been obtained. The method of 

location and the datum used shall always be entered. ; 

(4) After Form 567 has been prepared and typed, the positions as given on the typed copy shall 

be verified by plotting them back onto the original survey sheets or, in the case of triangulation sta- 

tions not on any sheet, by comparing them with the original checked computations; and a signed state- 

ment that this has been done shall be made on the copy submitted. Checkmarks shall be shown on 

the form after the dms. and dps. 

B. PREPARATION OF CHART-SECTIONS 

Where a number of landmarks are reported, a recently printed copy of the chart of 

the area, cut into letter-size sections, shall be prepared and submitted, in addition to 

Form 567. The area which has been inspected shall be outlined on these chart- 

sections, and a recommendation shall be made for each charted or plotted landmark 

within the area outlined. The following procedure shall be used: 

(1) New landmarks shall be plotted and identified by the landmark symbol (©) accompanied by 

the name recommended for the chart. The geographic datum of the chart must be known and 

considered in the plotting (see 8533). 

(2) Charted landmarks, the continuance of which is reeommended, shall be checkmarked (y), 

and where the position has been actually verified during field work, the checkmark shall be accom- 

panied by the word ‘‘verified.’”” Where a landmark has been verified only by visual inspection, the 

word “‘verified’”’ shall be omitted. 

. (8) Charted landmarks, the deletion of which is recommended, shall be indicated by an X ina 
circle, accompanied by the word ‘‘delete’’ (@ delete), and the reason for the recommendation shall 

be given. r 

If chart-sections are submitted, landmarks to be deleted need not be listed on 
Form 567. 

Where new uncharted landmarks are shown on the chart submitted, a notation 
shall be made thereon in a prominent place giving the latitude and longitude, with 
seconds in meters, of some one charted landmark, as is required in paragraph 34, page 8 
of the Topographic Manual. The datum used shall also be noted on the chart. 

465382—44—_52 
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Names and notations on these chart-sections shall be typed or lettered legibly in 
red ink. Care must be taken that such notations always appear on the same section 
as the landmark to which they refer. 

Cc. STANDARDIZATION OF NOMENCLATURE 

It is essential for charting purposes that the nomenclature used, and the method 

of reporting it, be standardized. The cartographers should not have to interpret these 

data because they cannot see the object in the field and cannot know what is most 
prominent about the landmark. If a landmark is reported on Form 567 as a ‘‘Tall 
yellow tank,” the cartographer cannot tell whether the landmark is prominent because 
it is a tank, because it is yellow, or because it is tall. The field party must interpret 
these data and give them in proper form for charting. The following standardization 
of nomenclature must be considered general but is to be followed so far as practicable. 

In general, descriptive terms shall be omitted from the name recommended for 
the chart. Colors describing an object are particularly objectionable on account of 

their temporary nature. The material out of which an object is built is not valuable 
on the chart, since the mariner even where only a short distance away cannot identify 
an object by the material. The adjectives tall and tallest are unnecessary, because if 
the object were not tall it would not be a prominent landmark. Where a descriptive 
term is necessary to distinguish a charted landmark from other landmarks in the 
vicinity which are not charted or not located, then the descriptive term shall be in 
capital letters according to A(2)(d) above. 

In general the use to which an object is put is nonessential on the chart, unless 
this use contributes to the identification of the object. In reporting buildings as 
landmarks, avoid so far as possible using a name that indicates the use to which the 
building is put. It is preferable to use some term such as DOME, TOWER, or 
SPIRE, which describes the shape of the top of the building. The name describing 
the use, such as schoolhouse or courthouse, shall follow in lower-case letters. 

In general the company’s name shall be omitted from the chart unless this name 

or an abbreviation of it is visible on the landmark in letters large enough to serve 
as an identifying feature to the mariner. The company’s name should properly come 
under A(2)(c) above. 

In a few cases of very well-known buildings, the name of the building shall be 

charted in parentheses following the name of the landmark, as DOME (STATE 
HOUSE), TOWER (EMPIRE STATE BLDG.). 

Where two similar objects are closely adjacent the word “twin” shall be omitted 
if the objects are charted as two separate landmarks. Where they are indicated as 
only one landmark the word “twin” shall be used. 

In cases where only one of a group is to be charted, the name should be followed 
in parentheses by a descriptive legend, including the number in the group, as for 

example (TALLEST OF FOUR) or (NORTHEAST OF THREE). 
In the name or description of a landmark, its relation to other topographic features 

is unessential since this is shown graphically on the chart. 
Abbreviations of colors, where given, shall be in accordance with the standard 

bottom characteristic abbreviations (see part ‘S’’ of the Symbols and Abbreviations 

chart, fig. 189). 
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The following classifications, which include most landmarks, are defined and ac- 

companied by remarks to standardize their use. They shall be so used so far as 

practicable. 

BUILDING.—(See House.) 
CHIMNEY.—tThat projecting part of a building for conveying smoke, etc., to the outer air. 

This term is to be used only where the building is the prominent feature and the charting of some 

specific part of it is desirable; for example, the chimney of a large factory. 

CUPOLA.—A small turret or dome-shaped tower rising from a building, in cases where the 

building is the prominent object and where the cupola is small as compared to the building. 

DOME.—A large cupola of rounded hemispherical form, or a roof of the same shape, whether 

it is actually rounded or many-sided. 
FLAGPOLE.—A single staff flagpole rising from the ground and not attached to a building. 

FLAGSTAFF.—A single staff flagpole rising from a building. This is not desirable as a land- 

mark, due to its nonpermanence. Although it is desirable that the most definite part of a building 

(such as the flagstaff) be pointed at in making observations, this is not necessarily the most impor- 

tant part for charting purposes. Wherever possible give, for use on the chart, that part of the build- 

ing from which the flagstaff rises, as TOWER, CUPOLA, DOME, ete. 
FLAG TOWER.—Any scaffold-like tower on which flags are hoisted, such as a Coast Guard 

skeleton steel flagpole or a Weather Bureau signal tower. Do not use Signal Tower. 
GAS TANK or OIL TANK.—Since these differ in shape and size from a water tank, the com- 

pound name will be used. 
HOUSE or BUILDING.—Although it is desirable to locate a house or building by observations 

on a specific point, as the west gable or the flagstaff, such terms are not desirable for charting pur- 

poses, where it is the structure itself which is the landmark. Use HOUSE or BUILDING followed 

by a description of the point in either capitals or lower-case letters, according to whether it should be 

used on the chart or not. Where the outline of the building should be shown on the chart, the following 

notation—‘‘chart outline’’—should be made on Form 567. 
LOOKOUT TOWER—Any tower surmounted by a small house in which a watch is habitually 

kept, such as a Coast Guard lookout tower or a fire lookout tower. Do not use this term in describing 

an observation tower, or a part of a building in which no watch is kept. 

MONUMENT.—Do not use Obelisk or other terms. 

OIL TANK.—(See Gas Tank.) 

RADIO MAST.—A general term to include any tower, pole, or structure for elevating antennas. 

SPIRE.—In general, any slender pointed structure surmounting a building. The spire is rarely 

less than two-thirds of the entire height and its lines are rarely broken by stages or other features. 

Do not use Steeple. Spire is not applicable to a short pyramid-shaped structure rising from a tower 

or belfry. 
STACK—Any tall smokestack or chimney, regardless of color, shape, or material, if the stack 

is more prominent, as a landmark, than any buildings in connection with it. Do not use Chimney. 

STANDPIPE.—A tall cylindrical structure, in a waterworks system, whose height is several 

times greater than its diameter. 
TANK.—A tank for holding water, when its base rests on the ground or other foundation, and 

its height is not much greater than its diameter. 
TANK (ELEVATED).—A tank for holding water, where such tank is elevated high above the 

ground or other foundation by a tall skeleton framework. 
TOWER.—(a) A part of a structure higher than the rest, but having vertical sides for the greater 

part of its height. 
(b) An isolated structure with vertical sides (not otherwise classified), high in proportion to 

the size of its base, and of simple form. 
(c) The top of a skyscraper, high in proportion to its horizontal size and rising above its 

surroundings. 
(d) Any structure, whether its sides are vertical or not, with base on the ground and high in 

proportion to its base. Its sides may be open framework, such as a Bilby steel tower. 

TREE.—Do not use Lone tree or Conspicuous lone tree. This is assumed, otherwise the tree 

would not serve as a landmark. 
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WATER TOWER (infrequent).—A decorative structure enclosing a tank or standpipe, or used 

as such, when by its appearance it would not be recognized as such. 

WINDMILL.—A self-explanatory term. 

EXAMPLES 

CHIMNEY, schoolhouse (Mt. Vernon H. 8.) 

CUPOLA, schoolhouse (Normal School, 98 ft. high) 

FLAGPOLE (Green Hill Country Club) 

LOOKOUT TOWER, fire, steel (110 ft. high) 

SPIRE, church (A Nanticoke Church Spire) 

STACK (Aiea Mill) 

STACK, black, metal (at Hot House) 

STACK (TALLEST OF FOUR), black 

STACK, white, concrete 

TANK (BAY STATE CO) (© Bay) 

TANK (SOUTH) (southerly of three yellow tanks) 

‘TANK, steel (125 ft. high) 

TANK, yellow (A Hot) 

*TOWER (CITY HALL) 

854. DESCRIPTIONS OF STATIONS 

Station descriptions on the appropriate forms shall be submitted for all triangula- 

tion stations, and all recoverable topographic and hydrographic stations. The descrip- 
tions for the triangulation stations should be submitted for the entire project or season 
and should be forwarded by transmitting letter with other triangulation records and not 
included on a transmitting letter with other records pertaining to hydrography. The 
descriptions of recoverable topographic and hydrographic stations should be submitted 
for each sheet with the other records having to do with that survey. (See also 2142.) 

A description should be typewritten and only one side of the form used; if additional 
space is required, one or more continuation cards should be used. 

The correct form to use in each case, with a reference to the text where the proper 

use of each form is described, is listed below: 
Form Refer- 
No. ence 

iran cil a hion 7S cavuIOMy eS Gallo lis lie Clee ect ee eee ee ee 525 227 

Triangulation station recovered, lost, or searched for but not found____.-_--_--_-- 526 2272 

Stations of other agencies connected to C. & G. S. triangulation..____________-- 525 2271 

Recoverable topographic station established == === s] 2a. 22 a2 ee nee ee eee 524 2351 

Recoverable topographic station recovered, lost, or searched for but not found____ 524 2351 

Stations of other agencies located by C. & G. S. topography__-_-_-------_-_-_-- 524 236 

Hydrographic stations: (ee topographic stavions)—s-22--—.6— 2 oe eee 524 245 

855. Coast Pitot REPorRT 

Coast pilot notes should be forwarded in duplicate as a separate report at the end 
of the season. While such notes are used in the compilation of new editions, they are 
usually published first in Supplements. The report should therefore be submitted in 

such form that one copy of it can be cut and used in the Coast Pilot Section without 
copying. Instructions for the preparation of coast pilot notes are given in 9121 and 915. 

During a hydrographic survey each hydrographer should keep a journal in which 

notes and memoranda are entered for use in compiling the general coast pilot report at 
the end of the season (see 159 and 385). These notes should include information 

obtained while en route to and from the project area as well as that resulting from the 
season’s field operations (see 175). Any information reported under “0, Coast pilot 
information,’ in the Descriptive Report (see 8420) should be repeated in the coast 

pilot notes, or an extra copy of that part of the Descriptive Report should be mailed 
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separately and marked for the attention of the Coast Pilot Section. Important inior- 
mation should be forwarded at once, but the general report should be submitted at 
the end of the season. In all cases where information in the Pilots is found to be 
accurate and adequate a statement to this effect should be included in the notes. 

Coast Pilot notes should be complete, clear, and accurate. Any sailing directions 

should be checked before inclusion in the report. 

856. GeocrapHic NAME REPORT 

Where practicable, a special report on geographic names shall be submitted to 
cover the project area, or that part of it surveyed during the season. Where only one 
hydrographic sheet comprises the project, the information may be included in the 
Descriptive Report (see 842?). The information to be included in the report is 
described in detail in 163, and other information of value in composing the report 

is contained in section 16. 
In case the project area has recently been covered by air photographic surveys 

and a geographic name report has been submitted in connection with that project, 
duplication is to be avoided. Only new information which is disclosed and names in 
the water area which were not investigated by the air photographic party should be 

included. 
857. RANGES FOR Compass DEVIATIONS 

In addition to showing on the smooth sheet, in accordance with 7845, all useful 
ranges of natural objects and those established by the United States Coast Guard, a 
special report should be made for each project or season’s work, of prominent and 

easily distinguished objects and ranges that are suitable for use in determining devia- 
tions of ship magnetic compasses and errors of gyrocompasses. 

The report should include a description of each object, its latitude and longitude, 
and its intended use; special emphasis should be placed on how to identify it with 

certainty from the area where it will probably be observed; the azimuths of all recom- 
mended ranges should be included, with a statement as to how each was determined. 
Instructions for obtaining azimuths of ranges by planetable and sextant are contained 

in 3833. 
Mention should be made in this report if any azimuths from wharves were deter- 

mined in accordance with 356, and to whom the results were given. 

858. SpEcIAL REPORTS 

Special reports on other subjects, which are of broad scope or interest and which 
are not restricted to the survey or the season’s work, should be submitted from time to 
time. Each of these should be written as an entity and under no circumstances should 
such information be included in either the season’s report or a Descriptive Report. 
Hach of these reports should be entitled ‘‘Special Report on (subject matter) by (author’s 
name).”’ It should be approved and forwarded by the Chief of Party. Among the 
many subjects which should be treated in this manner a few are specifically mentioned, 

8581. New Methods and Equipment 

All members of survey parties should be encouraged to study the principles involved 
in hydrographic surveying and to experiment with new methods and apparatus. De- 

scriptions of new methods and apparatus, and suggestions for the improvement of those 
in use should be furnished as separate reports. 
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Changes in methods and equipment that will have no effect on the accuracy of 
operations, such as the design of a new type of signal or buoy, may be used without prior 
approval of the Washington Office. Those changes which do affect the quality of the 
work, such as new instruments, etc., may not be used in actual survey work until 
approved by the Office. 

8582. Submarine Features of Interest 

Modern methods of surveying are disclosing in considerable detail submarine 
features of interest to scientists and geomorphologists, as well as to navigators. Most 
prominent among these are the large submarine valleys and canyons indenting the 
continental shelves and slopes, and the large submarine mountains. There are many 
other submarine features of less spectacular size, such as silted areas and sand waves, 

which the survey may disclose that may be of as great or greater interest. Special 
reports on such features are particularly valuable. 

8583. Photographs 

Photographs of field activities, personnel, and equipment, particularly those that 
illustrate actual survey operations, are of considerable value, and no opportunity to 
obtain them should be neglected. 

Negatives are preferable to prints. Personal negatives may be forwarded to be 
copied and returned to the owner. 

Negatives or prints should be submitted separately and not made a part of a 
special or season’s report. Each photograph should be accompanied by Form 623A, 

Photograph History. (See also 1591.) 

8584. Weather 

Weather is a major factor in the quantity and sometimes in the quality of hydro- 
graphic surveying. Where a party is operating in a remote region, about which there is 
comparatively little of record concerning the weather, the experience of the party 
should be furnished in the form of a special report, which may be of aid to others 
working in the same locality. Likewise, similar reports should be furnished for seasons 
when abnormal weather conditions are encountered in comparatively well-known 

areas. (See also 1453.) 
8585. Scientific Knowledge 

Officers surveying in remote regions should be alert to their opportunities to con- 
tribute valuable information to other branches of science, such as geology, anthro- 
pology, voleanology, and glaciology, among others. . Such information should always 

be furnished in a special report. 

859. Reports REQUIRED From HyproGRAPHIC PARTIES 

For convenience a list of the miscellaneous reports required at various times from 
the hydrographic parties is furnished below, with the form numbers, if any, and 
references to the places in this Manual where the requirement is mentioned. (See 

also 8351.) 
ANNUAL 

Name of Report Form No. — Reference number 

Progress'sketcht"! 2) Ss 2202 es eee ee eer. Tracing cloth. 2 se sses) 8513. 

Statistical reportzi ost Ae eS eee M—lAS3=520 2 ee Osea Eee 8516 and 156. 
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SEMIANNUAL 

[Required in certain circumstances.] 

Name of Report Form No. Reference number 

Progress sketch_-------- ee easel eo Se lee a racine cloth’ 2— sees ess 8513. 
Seaiical report. =! eee a se eee ne eek. MN SS 52 28 ee se SbN6-and 156. 

MONTHLY 

Progress of office work on sheets and records.- .- M—961, M-962, M—963___.--_ 8514. 

RO MeHSENeL (Wass) Sm ae Ns Ete woe 2 racing cloth... ----.232.518 8511. 

Sheeulavoutsr ese ea. wena ee eee aS ‘Dracinec¢ Othe =e 8511. 

iIneporiand. journals 2)222)s4 -2.--22l-2 --- == ZUG alee eS Ae ees ee ae 8514 and 156. 
Report of progress of field work___-_-_-_-_---- Letter to arrive at Washing- 8514. 

ton Office by the 25th of 

each month. 

BEGINNING OF SEASON 

Acknowledgment of project instructions__--_--_-- hetteras2 2252s 2 28 see 121. 

END OF SEASON 

Chart of objects for use of U. S. Coast Guard_-- 567 and chart--------------- 8533 and 1551. 
Cousiamloterepolt. 2.2 2. sas 2 Se 3 Wetierss--'_-. 2.2 eee 855, 159, and 385. 
Descriptions and recovery notes of triangula- ? 

ONESTAT OM GBs am Seere ren See ee Se byeb) ENGL GYAN = Seo eee eo eee 854. 

Geagraphie mame report. —...=-=2-L=-.-=.=-=-- Written’ ees 222 tee 856 and 163. 

Landmarks for charts, in duplicate, duplicate 

copy marked ‘‘For Coast Pilot’”’.........---- 567 and chart-sections___-.--- 8534 and 155. 

Positions of fixed aids to navigation_-_------_-- DOM meee eee A oe Te 8532 and 3831. 

Ranges for compass deviations. .:.-.=---2----- Hettert Sete rte rw Sea 857. 
Report of buoy locations_/__.__--__.----.---- Wintttens=40 =) 52 2 ee 8322, 8323, and 

8324. 

Season’s report—and the following attached:- Written_..-.--------------- 8515. 

@aciataes  etist nee si Es Ped ee Gl betes ies. 2 eee 8515 and 156. 
Indexsofrsheets (optional). = 5222222 = ee ahracin&.c) of hee ee 8413. 

imventory. Of records. 2-2. 35S 252522 Imjseason’s report=2:2-- 522-5 8515. 

IDRC GREE GLa a es ee eee @racing cloths<=s-=ss22—= ==" 8512. 

Separate progress sketch of triangulation only- Tracing cloth---.-~--------- 8512. 

Stalisticsmeees sk Acie ar sah) SF) DE ee De Sie VOL Ute Re Se eee 8515 and 156. 
Welocityaoisound reportac 2242 2se 1G) Lee ee Wirit bent aFte. aairs Steere 833. 

Abstract of temperatures, salinities, and 

theoretical velocities of sound__----------- liam a2 oa Sy ee eee 833. 

AT VARIOUS TIMES 

RO rant sleGhe nce sonst ats Sa ee Be ye Letter or chart-section-—_-_-_- 8521. 

Dangers to navigation, immediate report_-_-_---- etter ow radios esse seen oee re 8522. 

Hreidrexamain a Flom Seeman eee eee ee Tracing or chart-section-__-__-_ 176. 

Floating aids to navigation off station or poorly 
SIGUA Ce Cee re an ie a es EE a Bc ae Wsetterik ues nk a ae ea 8531 and 3832. 

Information erroneously or inadequately charted. Letter_--..----------------- 8523 and 173. 
ighted aids extinguished. —._-_..=—'..-.---=_- TEU SUCL EO es Venera pee Oe ee 853 and 174. 
New methods and equipment___----_---------- Wetter co a eee ne ae ee 8581. 
Report of installation of tide gage_____-_------ fo ay eae ee AE pu i) a 1434. 
Sheet layout diagram (if separate)____________ RA GLINy  pAle Se e ae 8511 and 1542. 

Special reports on any phase or feature of work. Letter__-------------------- 858. 

Survey buoys established or discontinued - - - --- Re ¥ 6 C0 path ees eR PSE 8524 and 286. 
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CHAPTER 9. MISCELLANEOUS 

91. COAST PILOT 

The Coast Pilots of the Coast and Geodetic Survey are a series of volumes con- 
taining information of importance to the navigator which cannot be shown conveniently 
on charts and is not readily available elsewhere. The information covers a wide variety 
of subjects, among which are descriptions of the coasts, harbors, dangers, and land- 
marks; and directions for entering harbors and for coastwise navigation. A new edition 

of a Pilot is published about every 7 years, although the interval may vary from 5 to 
12 years depending on the importance of the region, the number of changes, and other 
factors. Supplements, containing corrections, changes, and new information, are 
published about once a year. 

911. Sources or Coast Pitot INFORMATION 

The information used in the preparation of Coast Pilots and Supplements comes 
from many sources, the most important of which are: 

Files in the Coast Pilot Section, Washington Office. 
Field revision parties. 

Coast pilot reports from field parties. 
Chart Letters and other files in the Nautical Chart Branch, Washington Office. 

Survey sheets, Descriptive Reports, and files in the Map Hall, Washington Office. 

Nautical publications by other federal bureaus; and by State, port, and local authorities. 

912. Coast Pitot Reports From Frevtp PARTIES 

Coast pilot reports from field parties are among the most important sources of 
information. If properly prepared, they furnish a type of information, often unob- 
tainable elsewhere, that is most needed, such as controlling depths; descriptions of 

coasts and landfalls; strength of currents; and existence of tide rips and cross currents. 

If such information is not included in the field party’s report, an exhaustive and often 
time-consuming examination of Descriptive Reports and survey sheets is required, 
which does not always yield the best results. 

A mere revision of the published text of a Pilot is not all that 1s required, but 
additional new information should be obtained that will enhance its value. This 
applies to a surveyed as well as an unsurveyed area. 

Insofar as practicable, advantage should be taken of the transit of vessels be- 

tween ports to check the applicable parts of the Coast Pilot. Errors and deficiencies 
should be reported (see 175). 

Information of local origin relative to the area in which a field party is working 
should be investigated and reported. Likewise, directions in an area being surveyed 
should be verified by actually running the courses and sounding along them before 
they are recommended and submitted to the Office (see 356). 

Information vital to the navigator should be reported at once and by radio, if 

necessary. General notes, in duplicate, should be submitted at the end of the field 

season, and should be clearly marked ‘‘Coast Pilot Report’”’ (see 159 and 855). 
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9121. Preparation of Report 

The manner in which the report is prepared is important. A new survey usually 

necessitates a number of corrections and changes in the Coast Pilot, and in such case 
the report should be prepared in the same manner as the Supplements are, giving 
references to the page and line numbers (see 915). It is only necessary to supply the 
new data, and to indicate the page, paragraph, and line affected; this avoids recopying 
a considerable part of the text that does not require change. 

Where the text of the Pilot is correct and adequate, the report should consist of a 
mere statement to that effect, with an exact reference to that part of the Pilot referred 
to. Where many short changes are to be made, as in names or depths, they should 
be shown in the margins of pages cut from the Pilot, with leaders or arrows indicating 
the parts affected. Where changes are extensive and include much new information, 
pages may be cut from a Pilot and bound together with sheets of blank paper. The 
changes and the new information can then be typed on the blank sheets and referenced 
to the printed text on the opposite page. 

The report should be submitted in such form that one copy of it can be cut and used 

in the Coast Pilot Section without copying. The duplicate copy is filed until it is 
needed for revision or manuscript. 

The person preparing a coast pilot report should be familiar with 916, where the 
material desired for Coast Pilot is defined. 

9122. Landmarks for Charts 

Form 567, Landmarks for Charts, should be submitted in duplicate. The du- 
plicate copy should be marked, ‘Coast Pilot Section,’ and notations should be made 
on it to show the relative prominence of each landmark, the directions from which each 
is visible or obscured, and how the landmarks affect the Coast Pilot. (See 8534 and 
916, Landmarks.) 

9123. Coast Pilot Copies of Correspondence 

When correspondence from the field includes information of value to the Coast 
Pilot Section, an additional copy should be forwarded, clearly marked ‘‘For Coast 
Pilot Section.” 

913. PREPARATION OF A New EDITION 

The various steps necessary in preparing a new edition of a Coast Pilot are described 
in 9131 to 9139 inclusive. 

9131. Preparation in Office for a Field Inspection 

After the decision has been made that a new edition of a Coast Pilot is required, 
it must first be determined what parts, if any, of the region described in the Pilot need 
to be field inspected by the reviser. This depends on the adequacy of the available 
information and on the character of the region. Such a decision must be made for 

each new edition prepared. 
If a field inspection is required, all available information applying to the current 

edition of the Pilot must be examined, and the part that needs consideration or verifi- 
cation in the field assembled for entry in the Field Record Books. During the period 
of preparation for a field inspection, the reviser should thoroughly familiarize himself 
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with coast pilot requirements, and with the purposes of other nautical publications. 
He should avoid entering in the record a mass of information that will never be used, 
but which will have to be sorted over and only delays the writer of the manuscript. 

a. Field Record Books.—These books are prepared for the convenience of the 
reviser and writer; they also constitute the permanent record which is retained in the 

files of the Coast Pilot Section for reference during the life of the edition. Large blank 
record books, about 10 by 14 inches in size, are most suitable for this purpose. Stock 
No. 50187 is satisfactory. 

The printed pages are cut from two Coast Pilots and mounted on the left-hand 
pages of the record books. This leaves a wide margin on the left-hand page and the 
entire right-hand page for the entry of notes and corrections. It is advantageous to 
mount the text in separate paragraphs, with spaces between them. Then the informa- 
tion selected from the coast pilot files should be entered, with a reference to the authority 
in each case. Some of this can be pasted, and some written in ink, using ink of a differ- 

ent color from that to be used by the reviser in the field. 

Each entry written in these record books should be referred to the exact place in 
the text of the Pilot to which it refers, by a leader or arrow, by corresponding numbers, 
or by some other unmistakable means. With a little care the reviser, at the end of his 
field work, will have a nearly complete rough manuscript, thereby reducing consider- 
ably the time required for preparing the manuscript for the printer. 

In one of the record books a definite section should be set aside for the assembly 
of tables for the appendix of the Coast Pilot (see 9135B(5)). As far as possible the 
tables should be prepared in the Office and checked in the field. 

6. Publications, instruments, ete-—The following publications, instruments, and 
other material are required for a field inspection: 

Publications 

Charts of the area, corrected to date—two complete sets (three copies of some) will be needed. 

Coast Pilot, extra copies. 

Current Tables and other publications on currents, such as Current Charts. 

Latest Coast Pilot Supplement, extra copies. 

Light Lists. 

Notices to Mariners (arrange to have them mailed to reviser in the field). 

Pamphlets and maps from oil companies. 

Privately published coast pilots. 

Radio Navigational Aids, H. O. 205. 

Radio Weather Aids to Navigation, H. O. 206. 

Style Manual (Government Printing Office). 

Tide Tables. 

United States Corps of Engineers publications: 

Port Series. 

Port and Terminal Charges. 

List of Bridges over Navigable Waters. (Have a copy corrected to date for the region involved.) 

Annual Report. 

Rules and Regulations. 

Instruments 

Binoculars. 

Boat compass. 

Boxes for stationery, books, and instruments. 

Brief case. 

Chart cases. 

Ditty box with pencils, dividers, erasers, ink, clips, rubber stamps, triangles, ruler, ete. 

Drawing instruments. 

Field desk. 

Fountain pens. 

Leadline. 

Parallel rulers. 

Planetable (see theodolite). 

Prismatic compass. 
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Protractors, three-arm metal] and celluloid. 

Scales, metric. 

Sextant. 

Tapes, 300-foot and 30-meter. 

Theodolite (not necessary unless some special field work is required). 

Watch. 

For accounts, the following items are reyuired 

All necessary stationery and forms for submitting monthly accounts, truck record, launch log, ete. 

Approved estimates (obtain these before going into the field). 

Contracts for supplies: 

Tires and tubes. 

Spark plugs. 

Batteries. : 

Arrange for credit cards for the purchase of gasoline and oil. 

Orders—allowance for mileage, ete. 

Requisition of funds and checks. 

c. Local federal offices —Before beginning field work, the reviser should obtain as 
many addresses as possible of the local offices maintained by various federal agencies 
in the region to be inspected. These are published in the appendix of the Coast Pilot 
(see 9135B(5)). Many of these offices are important sources of information. 

d. Transportation—The principal means of transportation to be used must be 

determined. This may be by boat or truck. There are advantages to both and the 
matter should be carefully weighed, with the particular region and the comparative 
expense in mind. 

In some regions a boat is indispensable, and the best size is one large enough to 
include living quarters for the party. In other localities the principal traveling may be 
by truck, and local launches can then be used. In such cases, an attempt must be 
made to arrange for the temporary use of launches operated by the Bureau, or by some 
other government agency. If this is impracticable, private launches may be char- 

tered as required. Ferry boats and local steamers can be used to advantage. 
If possible, authority should be obtained from the Commandant, United States 

Coast Guard, for the reviser to travel on the vessels of that bureau. In some ports 
limited cooperation of this kind may be obtained from the United States Corps of 
Engineers, or from port authorities. 

e. Duplication of information.—Several federal agencies publish information for- 
merly found only in Coast Pilots. Some of these publications are kept current by 
daily or weekly corrections issued free of charge. Information thus available should 
not be repeated in the Coast Pilots except in special circumstances. In particular, 
information that is subject to frequent changes should be omitted; for example, light 
and fog-signal characteristics. If such information were included, it might be obsolete 
before the new edition of the Pilot is issued. Furthermore, it would be undesirable 
duplication, since details of such changes may be found in three other publications 
that are issued free of charge. Coast and Geodetic Survey charts also show these 
changes, being corrected by hand to the date of issue. Likewise with many other 
instances of duplication—and the reviser will save himself a great deal of needless 
work and have a much more legible Field Record Book if he keeps this constantly 
in mind. 

f. Extent of detail—Excessive detail must be avoided. The size and type of 
vessels using each particular waterway must be taken into account, as well as the 

amount of traffic. Usually the requirements, not only of the professional navigator, 
but of the yachtsman and fisherman as well, must be kept in mind. Allowance must 
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also be made for the thoroughness with which the region has been surveyed and charted. 
If the surveys of the area are incomplete, if the harbor charts are on too small a scale, 
or if a harbor has grown in importance, more detail will be required in the Coast Pilot. 
The amount of detail required in describing various features in new editions is given 

in 916. 
9132. Field Inspection for Coast Pilot Revision 

a. Purpose.—The principal purposes of a field revision are to verify and correct 
all statements in the Pilot, to delete material no longer of value, and to add new worth- 
while information. In addition to this, local deficiencies in the charts and suggestions 
for their improvement should be obtained and reported to the Washington Office. 
Arrangements should be made for local correspondents to inform the Office of all 
future changes affecting navigation. 

b. Record.—The reviser should enter in his Field Record Books all information 
to be used in revising the Pilot, with authorities where practicable. All field entries 
must be in ink of a distinctive color not used in these Records for any other purpose. 
Reference may be made to charts for the purpose of clarifying or amplifying the text, 

but not as part of the permanent record so far as the Coast Pilot Section is concerned. 
The chart-sections that are prepared as a permanent record are filed in the Nautical 

Chart Branch, and instructions for their preparation are given in 8521 and 91330. 
Plans of completed or projected work should be obtained locally and submitted to 
the Office (see 2361, 834, and 916, Blueprints and maps obtained locally). 

Corrections, information, etc., should be written, or securely pasted or clipped in 

the blank spaces of the Field Record Book. The place in the text to which each entry 
refers should be clearly indicated by a leader or arrow or in some other clear and 
unmistakable manner. Clarity of meaning and definiteness are of supreme importance. 
A vague statement may be misinterpreted and result in an error, or its clarification 
may require laborious and time-consuming research or correspondence. 

c. Plan of work.—It is worth while for the reviser to outline an approximate 
itinerary and plan before starting field work. Both road maps and general charts 
should be used, and a system of inspection should be tentatively adopted; that is, 

routes should be marked and the areas indicated for inspection by truck or boat. 
If the cooperation of the United States Coast Guard has been obtained, a call should 
be made on the District Commander to learn what areas can be inspected with the 
use of his equipment. It will then be apparent where a chartered launch will be 
required, and the necessary arrangements can be more intelligently made. 

The use of ferries, and trips on coasting vessels, fishing vessels, etc., should be 

considered. 
d. Information required.—Information on a great variety of subjects is required. 

So far as practicable these have been listed in 916 in alphabetical order, with notes 
to indicate and limit the amount of detail that should be obtained and published on 
each subject. 

e. Sources of information.—Following is a list of organizations and officials who 
should be interviewed for the purpose of obtaining local information. Recommenda- 
tions as to persons to be interviewed in an area should be obtained, if possible, before 

arrival there. Information from these, as well as from other sources, must be checked 
by the reviser. An actual inspection should be made in all cases where practicable. 
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When the information in the report is not checked by actual inspection, the source 

should be given, so that its value may be weighed against possible conflicting informa- 

tion that may be received at the Office. 

District Headquarters. United States Local Inspectors. 

Chart agencies. Yacht clubs. 

United States Corps of Engineers (District and local). Operators of repair yards and marine railways. 

Branch Hydrographic Offices. County and municipal engineers. 

Maritime associations. ‘Towboat captains. 

Pilot associations. Captains of coastwise vessels operating in the area. 

Fishermen associations. Individuals very familiar with the area, such as fishermen, 

State organizations for port and waterway improvement. old residents, and town officials. 

Port managers. Engineers or officials in charge of water terminals (such as 

Harbor masters, Harbor police. railroad wharves), or sewage disposal. 

United States Coast Guard headquarters and all stations, 

including masters of lightships and tenders. 

9133. Chart Inspection in the Field 

a. Charting data—While inspecting a region for coast pilot revision, an excellent 
opportunity is afforded the reviser to note changes necessary on the charts and to obtain 
data for their revision. 

While a reviser is not expected to have time to locate accurately all features 
necessary for chart correction, or to undertake actual surveys, much useful information 
can be submitted and frequently locations adequate for charting may be obtained with- 
out appreciable loss of time. But the fact that time does not permit the reviser to 
locate features should not deter him from furnishing information about changes. The 
information is useful as history and directs attention to the necessity for revision 

surveys. 
The data submitted should consist of the following classes of information: 

Landmarks.—To be added or deleted. Definite statements regarding deletion of landmarks 

should be made. A statement that a landmark is no longer prominent is not sufficient. (See 155 

and 8534.) 

Waterfront improvements and changes.—Include condition, additions, and deletions of wharves. 

Bridges.—To be added or deleted, including information regarding horizontal and vertical 

clearances of fixed bridges and drawbridges. Where new bridges are indicated on chart-sections, 

information regarding the roads leading to them should be furnished, if possible. (See 916, Blueprints 

or maps obtained locally.) 

Removal of old piling—In marking wharves and bridges for deletion, information regarding the 

removal or existence of old piling should also be obtained and furnished to the Office. This is im- 

portant, and the reviser should state definitely whether the information is sufficiently reliable to war- 

rant deleting the feature or whether it should be retained as ruins. 
Rocks, shoals, and other obstructions.—Include discrepancies between charted condition and 

actual condition which may be observed or reported. Local authorities should be consulted regarding 

the existence of uncharted rocks, shoals, or other obstructions of importance to navigation. Where 

it is not feasible to obtain the positions of such reported dangers, a report should be made to the Office, 

with recommendations for future surveys. 

Fized aids to navigation.—Include structures carrying airway obstruction lights, as well as other 

lights, such as isolated neon signs, which might be useful to the mariner. 

Geographic names.—Include changes, additions, and deletions, giving authority. Use check- 

mark on chart-sections, if charted name is correct. 

The coast pilot reviser has an excellent opportunity to verify charted names and to obtain new 

ones. Submission of such data should follow generally the instructions given in section 16. 

Dangers charted.—Include those charted as ‘‘Reported’’, ‘“E D’’, and ‘‘P D”. 

Channel depths.—Include conditions of shoaling. Charted channel depths should also be checked 

with local information and, if possible, blueprints of the latest surveys should be obtained. If no 

recent survey exists, a statement of the present reported depth should be made, giving the authority. 

(See 916, Channels.) 
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Cable areas.—Include locations of termini. ‘ 
Overhead cable crossings.—Include clearances. (See 916, Aerial cables and trolley wires.) 
Unusual characteristics.—Of shoreline, such as colored bluffs or other features that may be useful 

as landmarks. 

Recommendations for new surveys.—These should be made in a special report to the Office. 

b. Submission of data.—The following procedure is recommended for submitting 
information regarding changes: 

Note changes in the field on one set of charts, which set is retained by the reviser 
for field use. 

Prepare a second set with notes relating to chart corrections. Cut these charts 
‘into letter-size sections, and forward them to the Office with a transmitting letter 
giving suitable explanations of the changes. After these are reviewed in the Division of 
Coastal Surveys for future investigations they are filed as Chart Letters in the Nautical 
Chart Branch of the Division of Charts. 

In preparing the set of chart-sections for the Office, the reviser should bear in 
mind that landmarks, bridges, wharves, and other features cannot be applied to 
the chart without actual location. Merely spotting a feature on a chart is not sufficient. 
An effort should be made to locate the features, at least by sextant angles. If time 
does not permit this, and the feature is spotted or drawn in approximately, a note to 

that effect must be made on the chart-section, with an explanation in the transmitting 

letter. 
The reviser should indicate definitely whether the features noted on the chart- 

sections were located or drawn with sufficient accuracy for charting. His judgment 
in this respect 1s more valuable than an Office interpretation. He should furnish 
all angles actually observed or state the method by which the feature was located. 
All corrections and notes made on chart-sections should be in red ink. (See also 8521.) 

9134. Inspection of Chart Agencies 

During the course of his inspection, the reviser shall visit the chart agencies of 

the Bureau to obtain and check information, and he will usually be required to make 

a complete inspection of these agencies. Special instructions are issued for agency 
inspections. 

9135. Preparation of Manuscript 

The manuscript for a new edition of a Coast Pilot is completed in the Coast Pilot 
Section, except for stamping the type numbers, which is done in the Editor’s office. 
The manuscript may be prepared for printing either by cutting and mounting the 
previous edition, or by typimg. If the first method is used, the paragraphs should 

be separated by 1 inch or more for the insertion of corrections, additions, and type 
numbers. If the manuscript is typed, it should be double-spaced. Clearness will 

reduce the cost of typesetting and result in fewer corrections to the proof. Where a 
cross-reference is made in the manuscript, a memorandum should be made on the back 
of the page indicating exactly to what the reference refers. 

The writer should be familiar with certain sections of the Style Manual of the 
Government Printing Office, and with the ‘Instructions for Authors and Illustrators,”’ 

issued by the Division of Publications, Department of Commerce. If he is without 
prior experience in the preparation of manuscript for the printer he will find it advanta- 
geous to use an old manuscript as a guide. 
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The following paragraphs describe the manner of preparing the different parts 
of the manuscript and the order in which they are arranged for submission to the 
Editor: 

A. PRELIMINARY ITEMS 

Before beginning the manuscript for the text proper, the following preliminary 
items are prepared: 

(1) Cover.—This is a single sheet, on which is shown, in the desired position, the 
title for the outside of the finished cover. 

(2) Title sheet—This may be cut from a previous edition and pasted. The in- 

formation on it should be corrected as necessary. The new serial number is furnished 
by the Editor. 

(3) Table of contents——This is prepared in the Coast Pilot Section. It should be 
accurate, as it is used by the Editor,in marking the type numbers for the printer. 

(4) Chart index map.—The one from the previous edition may be used as a stand- 
ard, but it should be checked in the Nautical Chart Branch for changes in chart num- 
bers and chart limits (see 916, Chart changes). The names of all places used in chapter 

headings should be shown. All charts should be listed by number, and in numerical 
order, with their scales and prices. The limits and numbers of the adjoining charts 
and Coast Pilots should be shown on the index map. The title of the index map 
should include the title, the number and year of the edition, and the serial number of the 
Pilot. All changes to be made in the index map should be indicated on the standard, 

and it should be sent to the Division of Charts for reproduction. The Government 

Printing Office will requisition the number needed. Obtain an estimate of the cost for 
use on the printing requisition. The requisition for the Pilot should require that the 
index map be bound in place. 

(6) Preface-—This should contain a brief statement as to how the information in 
the text has been brought up to date, and a general description of the method used in 

writing the Pilot. Considerable care should be taken to explain the method used in 
linking the text to the charts so that the reader may utilize immediately and to its 
fullest extent the information in the Pilot. The preface is signed by the Director and 
should be referred to him for approval. The date given is the date to which the Pilot 
is corrected (see 916, Dating a Coast Pilot). 

(6) Important.—This is a memorandum printed in bold-faced type. It must be 

less than one page in length, and it faces page 1 for convenient reference. It consists 
of brief statements explaining special features and units in the Pilot, in order to avoid 
repetition in the text. 

B. PREPARATION OF TEXT 

The manuscript for the text proper is divided into chapters, the first three of which 

deal with information of a general nature affecting the region of the Pilot. Each chapter 
thereafter describes the area shown on one of the general coast charts; that is, a chart of 
the largest-scale continuous series on a coast, such as the 1:80,000 scale series on the 
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Atlantic Coast and the 1:200,000 scale series on the Pacific Coast. By dividing the 
text in this manner it is possible to show economically the numbers of these charts as 
part of the folio headings on each page. The chapters are subdivided into sections 
according to the layout of the largest-scale charts. 

In writing some Pilots, such as those of southeast Alaska, where the topography 

of the region, and consequently the chart layout, is very complicated, it may be inadvis- 
able to divide the text into chapters according to the layout of the pertinent charts. 
In such cases, the text should be divided by reference to the geographic features; as, 
the major entrances from the sea, the intervening sections of the outer coast, and the 
principal straits or sounds with their tributary waterways. (See 916, Folio headings.) 

(1) Chapter 1—Government Services to the Navigator——This chapter describes 
the functions of the various federal agencies concerned with navigation, and contains 
other information of value to the mariner that is not readily found elsewhere. Because 
such material seldom changes, it has been assembled into one chapter and plated so 
that it can be reprinted as Chapter 1 in all Pilots. The writer of a Pilot should avoid 
repeating elsewhere the information contained in this chapter. 

When the chapter is revised, the order of arrangement may be changed, and 

information of a similar character may be added. Minor changes are occasionally 
necessary, but in making them it is first advisable to consult the Editor regarding 
Government Printing Office methods. 

(2) Chapter 2.—This chapter contains information of a general character concern-. 
ing the region described in the Pilot, such as local services, local weather, harbors of 
refuge, a generalized description of the inland waterways in the locality and those 
contiguous to it, and other information of the type given in chapter 1, but which is 

peculiar to the region. Information is also given on the extent to which navigation 
is affected by the presence of weirs, traps, log storage, etc., in use by local industries. 

Finally, there is included information of most value to a stranger approaching the 
region, such as descriptions of offshore currents, banks, and dangers; and of the most 

prominent landmarks, the first landfalls, the general character of the coast, localities 
where wrecks are most common, and the condition of surveys. 

Chapter 2 may be divided into two chapters if the extent of the material warrants it. 
(3) Chapter 3—This chapter consists of a brief description of the routes usually 

followed by vessels in approaching the region from offshore, in traversing the region, 
both offshore and coastwise, and in running from port to port. In general, routes 

covering more than one chapter of the text are described here. Where routes join 
those described in other Pilots, proper reference shall be made. 

This information is followed by tabulated Directions with courses and distances 
to be made good on the routes described. (Local Directions are given in place in the 
text of succeeding chapters.) A standard form of tabulating these Directions (see 
following sample) has been adopted and should be used in all Pilots. Where Directions 

are given for a very long route, as in Alaska Coast Pilot, Part I, an additional column 
may be used to show cumulative mileages. 

465382—44—_53 
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Directions 

SAN DIEGO TO SAN PEDRO BAY AND TO SAN FRANCISCO 

TaBLeE 1.—San Diego to San Francisco 

(Charts 5101, 5202, 5302, 5402] 

_ _, Positions 
(Reverse directions in italics—read upward) True courses 
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Distances 

1. Point Loma Light, bearing 45°, distant 2.4 miles. Chart 5101. Degrees Nautical miles 
YAS) 6) re ae eH EMEA. DARI IO by A EY LY hh eel ye 320 81. 6 

Reverses 2S 4 St S28 G hs 1 CU Ue A BAA Sa Te 140 81.6 
2. Point Fermin Light, bearing 35°, distant 1.9 miles. 

UT CCS 6] pe a eR el oR ge ee MY a aR ery AE dL TT St 293 56. 0 
Pever sess) ts stot Veta AIC LL VS Aye IY Th LER. LATE PL LEE INS 56.0 

3. Anacapa Island Light, bearing 202°, distant 1.8 miles. Change to Chart 
5202. 

Direct sett iil) ce et ak, DU eee «iON JAE. TL 291% 61. 2 
TCU CT SES OY a) Ao Nek eee TS pepe AAS | ge, Bere Be AE os Bt 111% 61.2 

4. Point Conception Light, bearing 25°, distant 2 miles. 
IP@@ti.= 42 Si 2s SEE See te Le EA) SE EE LRA 307 12.8 

ROUCTS Os Ae aes 585: ween hese ns oy ea he sa i hE eae oe HY 12.8 
5. Point Arguello Light, bearing 50°, distant 2.8 miles. Change to Chart 

5302. If bound to San Luis Obispo, see Directions, page ___-. 
1D oye ear Gee, = Sa T Pere Pe aes Da a OR ees ae: eet eee eS PEN TET 329% Qi 
Ei eversetee Seis Mebane late ree i are, Meal me Rake ew eye, Wate pee et Pe 149% 122i) 

6. Point Sur Light, bearing 60°, distant 2.5 miles. Change to Chart 5402. 
If bound to Monterey, see Directions, page -___. 

DIREC Soe See eee Tene APARNA SL aE RS Nae < We Sie Renee SEE 336 58. 1 
TR ever Seba et Lo. RAPA wee Te OR AIS ee OL VRS NAL RE eh ae 156 58. 1 

7. Pigeon Point Light, bearing 70°, distant 2 miles. 
Direct ia: Lit See tae ean eth ais se: SNE eye. ne een ae ele 339 36. 6 
Reverse .-7 2 SN 7. Mk gs Sa ee 3) Se a A A 159 36.6 

8. San Francisco Lightship, bearing 55°, distant 1 mile. 
If entering San Francisco Bay, see Directions, page —_-_-_. 
If bound northward, see Directions, page ___-. 

TABLE 2.—San Diego to San Pedro Bay 

(Chart 5101] 

1. Point Loma Light, bearing 45°, distant 2.4 miles. Degrees _| Nautical miles 
Directs tee ee = Se eee ee ee a PER Be eh denne sane Cee eS 323 81. 0 
ERCUET SE US SAUTE - SRG U Eh ay TPES TEE ee: eee Nayar eer 143 81.0 

2. Los Angeles Harbor Light, bearing 270°, distant 300 yards. 
To enter San Pedro Bay, see Directions, page ____. 

TABLE 38.—San Pedro Bay to San Francisco 

[Charts 5101, 5202, 5302, 5402] 

1. Los Angeles Harbor Light, bearing 315°; distant 0.25 mile. Chart 5101. Degrees _| Nautical miles 
Ir6C hire. etarree aN ae oe ek PE 8 elk By sg al ae 245 3.7 

BE ATT A eae i gp Pi: Pin sage iy Mi pe ed hin nap tnd ker et a, of a a 065 Bete 
2. Point Fermin Light, bearing 35°, distant 1.9 miles. 

Continue as per table No. 1 from position No. 2, Point Fermin 
Light, to San Francisco Lightship. 

(4) Chapter 4 to Appendix—tIn chapter 4, the detailed description of the region 
begins. Each chapter is divided into sections according to the layout of the largest- 

scale charts of the area. The subjects to be described and the amount and type of 
information to be given regarding each are included in 916. The sequence of descrip- 
tion of the region should be geographically continuous as shown on the charts. The 
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description of each port should follow, so far as possible, the sequence given in 916, 
Port information. 

The Pilot should be written so the reader will be able to locate readily the names 
of features in the text and to determine the numbers of the largest-scale charts on 
which they appear. To accomplish this the features described in a section, 

(a) Must be described as they appear on the largest-scale chart. : 

(b) Must be indexed where they are fully described. To avoid confusion and excessive indexing, 
they should be indexed elsewhere only for special reasons. 

(c) Must be bold-faced under headings of the largest-scale charts, where they are fully described. 

If the names are used elsewhere, they are printed in ordinary type so that they will not be indexed 

there. This will make it obvious anywhere in the text which of the large-scale charts shows. the 

feature being described. 

This method of correlating the Coast Pilots with the charts not only makes the 
chart numbers readily available to the reader, but it also indicates the charts best 
suited to his needs. This promotes the use of larger-scale charts. 

The method is illustrated by one of the chapters from Coast Pilot, Section A, 
Atlantic Coast, 1941 edition, the table of contents of which is as follows: 

Chapter 14. Cape Cod Bay 

[Chart 1208] 

Plymouth, Kingston, and Duxbury Harbors (245). 

Directions, Plymouth Harbor. 

Coast, Plymouth to Barnstable (1208). 

Barnstable Harbor (339). 

Wellfleet Harbor (581). 

Provincetown Harbor (580). 

Approaching Cape Cod (1208). 

The chapter title in this case is the same as the title of coast Chart 1208 (scale 
1:80,000), but this need not always be the case. There may be instances where it will be 
desirable to deviate from the chart title. (See also 916, Folio headings.) Matters 
peculiar to the region covered by the chapter should usually be given here at the 
beginning of the chapter, except those requiring a knowledge of the text of the chapter, 
which should be given at the end. 

Under the chapter title is giyen the first center head, ‘‘Plymouth, Kingston, and 
Duxbury Harbors (245).’’ These harbors are all shown on Chart 245 (scale 1:20,000), 

the largest-scale chart of them. The descriptions in this section give all the informa- 
tion required about these harbors, including such of the approaches as are shown 

on Chart 245. All names and features appearing on this chart that are to be indexed. 

are bold-faced in this section, and only in this section. The reader is thus enabled to. 
locate readily the names of the features in the text; to find the place in the text where a. 

feature is fully described, by referring to the index; and to find the number of the largest- 
scale chart on which it is shown, by referring to the center head under which it is: 
described. 

The Directions to Plymouth Harbor include most of the Directions for Kingston 
and Duxbury Harbors. It is not necessary to make a center head of this, but it has 
been done in this case, principally because of the prominence of the harbor and because 
the Directions are given from points that are not shown on Chart 245. The numbers 

of the charts recommended for use in following these Directions are given in their 

proper places in the Directions in such a manner as to be most convenient for use. 
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Continuing south from the area shown on Chart 245, there is a section of coast 
shown on Chart 1208, which is on no chart of larger scale. This section extends to tbe 

eastern entrance of Cape Cod Canal, which is shown on Chart 251 (scale 1:20,000). 
Between Chart 251 and the Barnstable Harbor chart there is another section of coast 
shown on no chart of larger scale than Chart 1208. 

The entire section of coast from the Plymouth Harbor chart to the Barnstable 
Harbor chart is described under the next center head, ‘Coast, Plymouth to Barn- 
stable (1208).’’ All names to be indexed under this section are shown in bold-faced 

type. Those which are also on Chart 251 are shown in ordinary type since they will be 
indexed under that chart. 

No description is given here of Cape Cod Canal, for it is described in full in a 
separate chapter. Even the controlling depth is omitted in this section, because its 
inclusion would mean an additional correction in the Supplement every time the 
controlling depth in the canal changed. For the same reason no mention is made of 

the depth through the canal in describing routes out of Boston. However, to preserve 
continuity in the text, the page where the canal is described in full is given wherever 
the canal is referred to. 

Barnstable, Wellfleet, and Provincetown Harbors are shown on three different 

large-scale charts which join each other and there is no difficulty in following the 

adopted plan, in describing these places. Where the charts overlap and features are 
shown on both, it is not necessary to mention that fact. If the scales of the charts 
are the same, make the division at the most natural place. 

The final section in this chapter, ‘‘Approaching Cape Cod (1208),” gives certain 

information of value to the navigator in approaching Cape Cod Bay. This section is 
center-headed and the chart number is shown as in the preceding cases. Such infor- 
mation can be combined with that given at the beginning of the chapter and placed 
either at the beginning or at the end. 

(6) Appendiz.—This comprises the final chapter of the Pilot, and includes in 

tabular form general information of a local character. An outline of the information 
that should be included is given below in the sequence to be followed. Other informa- 
tion of a similar character may be added. Except as noted, the data in all cases pertain 

only to the region covered by the Pilot in which they are published. 

Coast and Geodetic Survey: 

Coast Pilots. (List all published by the Coast and Geodetic Survey, with prices.) 

District Headquarters. (List all maintained by the Coast and Geodetic Survey, with addresses.) 

Chart Agencies. (List the cities and towns in which Coast and Geodetic Survey chart agencies are located.) 

Distance Table. (Include information from Serial No. 444, giving local distances.) 

Planimetric Maps. (List those published or which will be published in the near future.) 

Variation of the Compass. (Include table of latest values, with annual change for various places in the area.) 

Ranges for Determination of Compass Error. (Include a table of ranges suitable for determining compass errors. See 916, 

Ranges.) 

Corps of Engineers: 

District Offices. (Give addresses.) 
Local Offices. (Give addresses.) 

Port Series. (Give numbers of volumes and titles.) 

Hydrographic Offices. (List all Branch Offices with addresses.) 

Coast Guard: 

District Commanders. (Give addresses.) 

Captains of the Ports. (Give locations and jurisdictions.) 

Buoy Depots. (List places where they are located.) 

Air Stations. (List places where they are located.) 

Radio Direction Finder Stations. (List places where they are located.) 

Lifeboat Stations. (Give names and locations of stations.) 

Hours of Operation of Fog Signals. (Give table.) 

Customs Ports of Entry. (Give addresses, and designate those at which documents are issued.) 

Immigration and Naturalization Offices. (Give addresses.) 
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Shipping Commissioner Office. (Give address.) 

Fish and Wildlife Service Offices and Stations. (Give addresses.) 

Public Health Service: 

Marine Hospitals. (Give addresses.) 

Relief Stations. (List by class, giving addresses.) 

Quarantine Stations. (Give locations.) 

Harbor Masters. (List cities and towns having harbor masters and addresses of offices maintained; if there is no office, give where 

the harbor master is usually found, if the information is available.) 

Yacht Clubs. (List names, with locations—not addresses.) 

Marine Railways and Drydocks. (Give names of places having them and differentiate between marine railway, graving dock, and 

floating dock; give maximum size of vessel handled by each type at each place; note whether or not there is a machine shop in each 

case.) 

Weather Bureau: 

Offices. (Give addresses.) 

Storm Warning Display Stations. (Give places and describe locations.) 

Meteorological Tables. (Give data for 4 or 5 well-separated places in region. Obtain from previous Pilot or Weather Bureau. 

See also Coast Guard.) 

Conversion Tables, True to Magnetic Directions. (Give tables, using intervals of 2° and eighth points; must cover the range of varia- 

tion for the entire region.) 

Conversion Tables, Feet and Fathoms to Meters, and vice versa. 

9136. Marking Manuscript for Editor 

Those words and phrases that are to be printed in capitals, bold face, or italics 

should be indicated by the writer of the manuscript himself. This must be done, 
section by section as written and while the information is fresh in mind, so that em- 
phasis may be placed more readily and accurately where it belongs and only there. 
The size of the type will be determined by the Editor, who uses the table of contents 
as his guide. 

All type marking for the printer is done by the Editor, who uses only one family 
of type, the “Century.”” This family has been developed by the Government Printing 

Office to give any size or style of type face desired. By using only one family of type, 
the expense of typesetting is greatly reduced. 

Except for center heads, words should very seldom be printed in capitals. Center 

heads should be given in position, centered, and typed in capital letters in the manu- 
script. 

Bold-faced type is used in the text to enable the reader to locate readily names 

and items of more than average importance, and it is indicated in the manuscript by 
a horizontal bracket over the word or words to be bold-faced. But too much bold 
face fails to accomplish its purpose and should be avoided. 

The words “caution,” “danger,” “warning,” “rock,” etc., are sometimes printed 

in bold face to attract the reader’s attention. All names and phrases to be indexed 
should be in bold face, as well as paragraph headings such as “‘ Directions,” “Supplies,” 

“Pilots,” “Ice,” “Currents,” and ‘“Tide.”’ The figures of recommended courses should 
be in bold face, as 273°.” 

Italics may sometimes be used in the text, as for the name of a vessel, but their 

general use is not recommended. All words to be italicized are underscored. 
Tables are printed according to standard rules and no marking by the writer is 

required, except that the table heading is underscored if it is to be italicized. 

9137. Requisition for Printing 

Form 757, in quintuplicate, is required. A sufficient number of copies should 
be ordered to last the life of the edition. If an underestimate is made and a reprint 

is required later, it can be made by the photolithographic process at a cost only slightly 

more than that of plating. Do not order plates ordinarily. 
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The exact full name of the publication must be shown wherever used. The serial 

number of the new edition is assigned by the Editor. Obtain the estimated cost of 
illustrations and enter it on the requisition. Note any unusual requirements, such as 

binding in the chart-index sheet (if not so specified, it may be stapled in), and numbering 
every fifth line for certain parts of the text without decreasing the width of the printed 
part of the page. Give the jacket number of any sections that are already plated 

for use, and describe. 

9138. Galley and Page Proofs—Proofreading and Correcting 

It is very important that the galley be proofread by the writer or by someone 
familiar with the manuscript and coast pilot work. Corrections are indicated accord- 
ing to the Government Style Manual. A Pilot is brought up to date at this time by 
applying such information as has been received since the manuscript was completed. 
The date of the last Notice to Mariners used is considered the date of the Pilot, and is 
entered as such at the end of the preface. 

It is essential that all corrections be made on the galley proof, as there are very 

strong objections to making any at all on the page proof. Corrections and additions 
are expensive, even to the galley proof, and should be kept at a minimum. 

When proofreading the page proof, only the corrections and additions made to the 
galley proof need be checked. 

Only essential corrections can be made on the page proof. No additions whatso- 
ever should be made unless they are of unusual importance. Where additions are 
necessary, they should be made in a manner to cause as little resetting of type as possible. 
It is usually best to consult the Editor about this, because of his familiarity with printing 
procedure. : 

In proofreading, the author should always hold the latest proof, and the material 
should be read to him. 

9139. Index 

The index is ordinarily prepared by the Editor. If it has to be prepared in the 

Coast Pilot Section, the work should be done by someone experienced in indexing, or a 
careful study should be made of a good index to see how cross-indexing is best done. 
‘The value of a Coast Pilot to the user depends largely on the accessibility of the infor- 
mation contained and the ease with which that information can be referred to the 
respective charts. It follows, therefore, that the index determines to a large degree 

the value of the Pilot, and the utmost care should be exercised in its preparation. 

When the galley proof is received, all names and headings to be indexed are entered 
on cards of a convenient size, usually 3 by 5 inches with trimmed edges. One card 
is used for each name. The number of the largest-scale chart on which the feature 
appears is entered in parentheses after the name. Additional cards are prepared for 

cross-indexing as necessary. One card is used for each entry in the index. Charts are 
indexed by number in the same manner, and later the numbers of the pages on which 

they are described are added. 
When the page proof is received, the page numbers are entered on the cards, after 

which all entries on the cards are checked. The original entries may be prepared by a 

stenographer, but they should be checked in the Coast Pilot Section. 
After having been checked, the cards are arranged in alphabetical sequence, then 

numbered so that they may be rearranged readily if disturbed, and a typed copy of the 
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index is made and verified. This is forwarded to the printer with the page proof. It 
is not customary to require a proof of the index. This is proofread in the Government 
Printing Office. 

914. INTRACOASTAL WATERWAY PILOTS 

A Coast Pilot generally describes all of the navigable waters in the region covered, 
but there are special Coast Pilots in which this is not done. These Pilots usually de- 
scribe some particular route, such as the Intracoastal Waterway. 

The ordinary Coast Pilot includes descriptions of the waterways which combine to 
form the Intracoastal Waterway, but these descriptions are scattered through the book 
and mingled with the descriptions of the adjacent coast, inlets, and streams; and where 
there is a special Intracoastal Waterway Pilot they are given only briefly. | 

The Intracoastal Waterway Pilot consists of a continuous description of that water- 
way and very little else, except descriptions of channels or inlets that connect the 

waterway to the open sea. 

The development of the navigable channels which form the system of intracoastal 
waterways is almost entirely in the charge of the United States Corps of Engineers, 

War Department. This agency maintains District Offices, each of which is in charge 
of the waterways in a specified area, and each issues, from time to time, a bulletin 
describing the condition of the waterways under its supervision. TheCorps of Engineers 
also publishes two pamphlets, one describing the Gulf Intracoastal Waterway and the 

other, the Atlantic Intracoastal Waterway. 
Coast Pilots of these waterways must differ in some respects from Coast Pilots of 

coastal waters. ‘They must be written in a manner to permit the greatest use to be 
made of the reports of the United States Corps of Engineers. The form of these 

reports should be studied, and the Pilot should be written so that it can readily be 

brought up to date and supplemented by use of the reports. For this reason, statute 

miles are used instead of nautical miles. 
These Pilots must be correlated with the Intracoastal Waterway charts, but this 

should not interfere with presenting much of the detail in the same form and order 
used in the Corps of Engineers reports. Otherwise the instructions for the preparation 

of the manuscript of Coast Pilots apply equally to the Intracoastal Waterway Pilots. 

These Intracoastal Waterway. Pilots, although published primarily for the use of 
small craft, must be written for the navigators of the largest vessels that can use the 
waterways. Information applicable only to vessels too large to use the channels should 

be omitted. 
Very little detail should be given about the navigability of tributary streams. So 

much of the navigation is in shoal water that the range of tide is of the greatest impor- 
tance. Where grounding is likely to occur, the character of the bottom should be noted. 
Warning should be given of localities where sloughing is likely to occur or where freshets 
and storms may tend to shoal the channels. Any areas where snags are likely to be 
encountered or where vegetation may affect navigation should be described. Certain 

kinds of information become of increased importance in these Pilots. 
Many parts of the Intracoastal Waterways are marked with so many aids to navi- 

gation that great care must be taken to avoid overloading the Pilot with so many 
detailed descriptions of these that it will be impossible to keep it corrected. Change- 
able detail, particularly that concerning aids to navigation, must be avoided so far as 

practicable. 
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The use of the proper amount of detail and the development of the text so as to 
facilitate as much as possible the use of the reports of the Corps of Engineers in bringing 
the Pilots up to date are the most important considerations in writing the Intracoastal 
Waterway Pilots. 

915. SUPPLEMENTS 

The purpose of these publications is to bring the Coast Pilots up to date by describ- 
ing the changes affecting the text that have occurred since the edition was issued, and 
also to give any additional information that is available and of sufficient importance 
to warrant publication. 

Supplements are issued whenever sufficient material has accumulated, usually 
about once a year. Each Supplement supersedes its predecessor and must be complete 
in itself without reference to preceding Supplements. 

An inspection of any current Supplement will reveal the methods used in preparing 
them. 

The following general rules must be followed: 

(1) Give the page and line numbers affected. 

(2) Where most of the text of a sentence or paragraph in the Pilot is unchanged, give the correc- 

tion by stating that certain words must be deleted or added. 

(3) Where the majority of the text in the Pilot requires correction, give the correction by stating 

that certain sentences or paragraphs should be deleted and others substituted as given. 

(4) Where new information is furnished, direct that additional sentences or paragraphs, as given, 

be inserted in the proper place. 

(5) The rules for writing a Coast Pilot should be followed in preparing a Supplement. 

ee F 916. Coast Pitot GLossary 

In the following glossary, the various subjects to be treated in a Coast Pilot are 
arranged alphabetically with an explanation of the treatment and method of descrip- 

tion to be used. All cross-references, unless otherwise indicated, refer to items in this 

elossary. 

ABBREVIATIONS, SYMBOLS, ETC.—Use the Symbols and Abbreviations chart published 

by the Bureau (see fig. 189). 

ADVANCE NOTICE.—When a Coast Pilot is to be revised, insert a statement in the Notices 

to Mariners, requesting interested persons to forward to the Washington Office any available informa- 

tion affecting the Pilot. 

AERIAL CABLES and TROLLEY WIRES.—Give the minimum vertical clearance at mean 
high water. In the case of high-tension power lines, allow an appropriate safety factor and add a 

caution note. 

If advance notice is required to have an overhead obstruction temporarily removed for the 

passage of a vessel, give the necessary details. 

AIDS TO NAVIGATION.—Location, importance, and permanenee are the factors that deter- 
mine the detail to be given in describing aids. For information as to how to describe different classes 

of aids, refer to the name of the type of aid in question, such as buoys, lights, and beacons. 

If aids are usually removed from their stations, or if the type of aid is changed, during the winter 

season, explain, but give only approximate dates, except where the Light List gives definite dates. 

When referring to an aid, use the name given in the Light List (see 7843). 

In many places yacht clubs and local authorities maintain local aids during some season of the 

year. In such cases give a general statement to that effect, but avoid giving detail for, although 

such aids may be correctly located at one time, they may be differently placed the next season. Avoid 

making disparaging remarks. Do not name the local authority or give definite dates. (See also 

Buoys.) 



Pace 825 MISCELLANEOUS 916 

AIRWAY BEACONS.—Note the existence of lighted airway beacons and give at least approxi- 

mate positions. Note their prominence. State whether they are visible by day or night, or at 
both times. If they are near the coast, their elevations should be given, if available. 

ANCHORAGES (in general).—A list of the best harbors of refuge for the area should be given 
in chapter 2 (see Harbors of refuge). 

In describing anchorages in the text, give the value of each anchorage in various weather con- 

ditions. This depends in part on conditions that are not always to be determined from the chart. 

Obtain local reports on the value and accessibility of different anchorages under various conditions. 

Give depth and type of bottom, and state whether the holding ground is good or otherwise, if such 

information is available. Define by ranges or landmarks the position recommended as an anchorage, 

if possible. Give the controlling depth of water at the entrance. If the anchorage is subject to 

squalls, draws, or williwaws, or if the swell makes in, describe the conditions under which these phe- 

nomena occur, the precautions necessary, etc. If the anchorage area is likely to be crowded by other 

vessels or by moorings, describe the conditions, and state what part of the area is most likely to be 

clear. For remote localities, describe whatever communications may be available, distance to post 
office, etc. 

ANCHORAGES, EXPLOSIVE.—The limits of these are shown on the charts, to which reference 

should be made. Navigators must obtain authority to use these anchorages from the Captain of 

the Port. Refer them to that official for the rules and regulations governing their use, which are 

changeable. Give only that part of the regulations that should be known before the Captain of the 
Port is consulted. 

ANCHORAGES, SPECIAL.—Naval and yacht anchorages, special yacht basins, and special 

areas for unlighted vessels. Describe these in the same manner as other anchorages. 

ANCHORAGE REGULATIONS.—Restricted anchorage areas are shown on the charts and 

should be defined by a reference to the chart. Rules that are changeable should generally be omitted; 

but important or unusual rules should be included. Refer the navigator to the Captain of the Port 

or Harbor Master for special regulations. In all cases give such of the regulations as a navigator 

without local knowledge must have to guide him until he can contact local authorities. 

Anchorage areas may be restricted or forbidden by either the District Engineer or the Coast 

Guard. In some cases, publications describing the areas and giving the regulations of these agencies 

are issued free. Where this is the case, it should be noted in the Pilot, and the address at which the 

publication may be obtained should be given. 

Use the anchorage regulations in the ‘‘Rules and Regulations Relating to the Navigable Waters 

of the United States,’”’ published by the United States Corps of Engineers, but see that they are correct 

to date. Reference should be made to this publication. 

APPEARANCE OF COAST ON MAKING LAND.—General notes are to be given in chapter 2 
(see Landfalls). 

APPRAISERS STORES.—If there is one in the port, give the address. 

APPROACHES TO HARBORS AND PORTS.—Give descriptions and sailing directions from 

offshore and from along the coast. 4, 

BANK.—This term when used with reference to the shore, refers to rivers only. (For its use in 

referring to an offshore feature, see Shoals. See also 1682.) 

BARS.—Describe the principal marks and aids to navigation. Give directions for approaching, 

with descriptions of outlying and other dangers, and how to avoid them. If the bar is dangerous, 

state under what conditions, and describe those most favorable for entering. Give the least depth 

and width at the best place for crossing the bar, and the most favorable time for crossing inbound. 

State if the bar breaks in ordinary or only in heavy weather, and how far out the breakers extend. 

Give the velocity and direction of wind, and the stage of tide producing these conditions. Give the 

character of the bottom. Give the changes in depth and shift in position, to which the bar channel 

and approaches are subject, if available. (See Channels.) 

BEACHES.—tThis term refers to the strand; there is no beach on rocky shores. Note as much 

of the character of the beaches as is of value to the navigator. Describe places suitable for beaching 

a vessel. 

BEACONS.— Describe location, shape, appearance, visibility under various conditions, and iden- 

tifying marks, as the importance and value of the beacon warrants. Give the elevation. If lighted, 

treat in the same manner as other lighted aids. (See Aids to navigation.) 

BEARINGS AND COURSES.—AIl courses given must be true and from 0° to 360°. Bearings 

also must be true, but may be either in degrees or points; where accuracy is required, use degrees. 

465382—44__ 514 
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Points shall be used only to indicate approximate or general directions. A table is included in the 

appendix of each Pilot for conversion of true directions in degrees to equivalent magnetic directions in 

points. (See Magnetic courses and bearings.) 

Avoid so far as possible referencing courses to floating aids to navigation, such as buoys. If 

possible, refer them to some fixed prominent object, that is unmistakable, easily identified, and 

permanent. 

Give danger bearings where important. Give bearings of ranges and channels. 

Bearings to clear offshore dangers, etc., are given from seaward, but to locate offshore dangers 

or objects, they are given from landward. Light sectors are defined by giving bearings from seaward. 

BLUEPRINTS AND MAPS OBTAINED LOCALLY.—From the U. 8S. Corps of Engineers and 

local authorities, such as State, county, or town engineers, it is often possible to obtain blueprints of 

surveys, and maps of harbors showing changes that affect the charts, as well as the Coast Pilots. This 

should be done where possible. It should be borne in mind, however, that such data, to be of value 

for correlation with existing surveys and charts of the Bureau, must be connected with the federal 

network of triangulation. Three well-distributed points, so connected, will ordinarily provide excel- 

lent control (see 2361). For use in Coast Pilot revision only, such accuracy is not required, and the 
reviser should use his judgment as to what is needed. 

A personal inspection of the area will generally be required to ensure that the map or blueprint 

shows actual conditions. State on the print whether this was done and note existing conditions 

plainly. (See 2361 and 834.) 

Many blueprints of surveys by the U. S. Corps of Engineers and other organizations are on 

file in the Office. Depths in channels and at wharves can often be found on these. Maps of harbors 

are sometimes made by local interests and copies may be available. 

BONDED WAREHOUSES.—If available, describe facilities. 

BOTTOM, CHARACTER OF.—(See Soundings.) 

BOUNDARIES.—National or State boundaries should not be mentioned because of possible 

complications. Boundary monuments are sometimes landmarks and may be described as such. 

If information about boundaries is required, refer to U. S. Geological Survey Bulletin No. 817. 

BOUNDARIES OF INLAND WATERS.—These are given in the ‘‘Rules of the Road,”’ which 

are issued free of charge by the U.S. Coast Guard. They are not to be published in the Coast 

Pilots. (See Rules of the Road.) 

BREAKERS.— Give location, limits, and stage of tide and weather conditions at which they 

break. State whether the rock or reef bares, how much, and at what stage of tide. (See Bars.) 

BRIDGES.—Bridge data should be included in a table in the appendix. This table should 

include all bridges over navigable waters in the region, together with information that can be tabu- 

lated, such as, type of bridge, prescribed signal for opening, horizontal and vertical clearances at mean 

high water, which side of draw or bridge opening should be used, and depth of water below bridge, if 

pertinent. Bridge data for the most important ports, in which there may be a number of bridges, 

may be included in a table in the text where the port is described. These latter bridges should not 

be duplicated in the appendix, but reference should be made to the page of the text where they may 

be found. 

Any necessary rules and regulations governing the operation of bridges should be included in 

the text. The reviser should obtain copies of such rules and regulations. It is essential that the Coast 

Pilot contain enough details to enable the mariner to make full use of the channel through the bridge, 

but details of no value to the mariner should be omitted. 

Where there are a number of bridges in the same locality there will probably be enough of the 

regulations common to all or nearly all of these bridges, so that these regulations can be grouped and 

printed only once, noting the necessary exceptions. 

Information regarding bridges can be obtained from two volumes, both published by the U. 8. 

Corps of Engineers, which has jurisdiction over the construction and operation of bridges over navi- 

gable waters of the United States. One volume, ‘“‘Rules and Regulations Relating to the Navigable 

Waters of the United States,”’ contains the rules for operation of most of the bridges; and the other, 

“List of Bridges over Navigable Waters of the United States,” gives the dimensions of the openings 

and other data. Copies of these, corrected to date, should be obtained. The U.S. Corps of Engineers 

is the authority for information regarding bridges, and where there is a discrepancy between data 

obtained in the field and those contained in these publications, the safer of the two should be used. 

The reviser should make certain, while still in the field, that the necessary information for each 
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bridge is available. If not, he must obtain it locally or from the District Office of the U. S. Corps of 

Engineers. 

BUNKERING.—tThis refers to water, coal, fuel oil, Diesel oil, and gasoline. The information 

given should describe facilities, quantities available, and the rate of putting on board ship. State 

whether a ship is bunkered while at anchor or alongside a wharf. Much of this information is contained 

in the Port Series. State also facilities for putting gasoline on boats; tank, drums, float, wharf, or 

truck. This is particularly important at isolated places. Oit barges are maintained at some localities 

for part of the year, and at some, gasoline is piped to landing floats used by launches, ete. Where 

there are facilities of this kind, they should be described. 

BUOYS.—tTheir appearance or location should not be described in too much detail, as these are 

subject to change. It is usually sufficient to say that ‘‘The north end of the shoal is marked by a 

buoy.”’? No more detail should be given in the description than is of actual value. Necessary details 

are given on the charts and in the Light Lists. If a description is considered necessary, use the 

nomenclature in 917. 

The numbers of buoys should not be given, except where necessary, as occasionally in writing 

Directions. 
Depths at buoys should not be given except for a special purpose. 

If buoys are reported to tow under at times, the navigator should be warned, and in some cases 

the conditions may be described, as spring tide or freshet. 

Locally maintained buoys may not be dependable. They may vary in this respect from year to 

year, and so it is usually sufficient to say that ‘The channel is marked during the summer season by 

locally maintained buoys,” without further comment. (See Aids to navigation.) 

In some localities the type of buoy is changed during the winter season when they are endangered 

by ice. Where this is the case explain, but avoid being too definite, and avoid definite dates except 
where given in the Light Lists. ; 

Mooring buoys are maintained in some harbors by port authorities or steamship companies. 

The general locations of these should be given, with necessary information as to their use, and whether 

charges are made. 

If a yacht club maintains moorings for the use of visiting yachts, mention that fact, omitting 

detail subject to change. 

Seaplane landing areas, torpedo ranges, etc., may be marked by buoys. In these cases, the gen- 

eral location, with a statement as to whether the buoys are lighted or not, and any rules affecting 

navigation should be given. 

At some wharves onshore winds and seas are such that one or more buoys are maintained for 

laying off the wharf or for hauling off. If this condition exists, it should be described in detail, with 

such explanation of the dangers and ways of avoiding them as may be warranted. If conditions 

sometimes require the use of an anchor when going alongside, it should be noted, and the reason should 

be given. 

Cargo is often discharged and received by vessels lying at a mooring or at anchor. If moorings 

are maintained for this purpose, describe them and their use, describing any conditions that may be 

dangerous, such as sudden changes of weather, sea from a certain direction, etc. 

BUSH STAKES.—If used by loeal people to mark channels, that fact should be mentioned in 

the Pilot, but details must be avoided. 

CANALS.— Describe location and approaches. Give the controlling depth and width, and state 

whether they are maintained or subject to change. Give the available length of each lock, capacity 

of locks, depth over sills, controlling vertical clearance under overhead structures, passing points, 

tie-up points, local contractions, variations of surface elevation, period open to navigation, toll charges, 

signals, and regulations governing operation. Also describe any currents, special anchorage basins 

provided, special aids to navigation, and special publications issued by canal authorities. 

It is important to have the detailed description of a canal in one place, and only one place, in the 

text. If the same canal is referred to in other places in the text, do not give any details which will 

require constant correction in the Supplements. Use cross-references freely in such cases. (See 

9135B(4).) 

CANNERY LAUNCH WAYS.—Mention in the text the location of any in isolated regions, 
giving the capacity, if available. 

CAPITALIZATION .—Where such words as cape, point, island, etc., are used with a name, the 

initial letter should be capitalized. Thus, Montauk Point, Mt. Desert Island, Cape Cod, Point 

Conception, Gulf of Mexico. (See 917.) 
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CENTER HEADS.—tThese are to be typed or lettered in capitals, and in place in the-manu- 

script. The chart number is given on the second line immediately below, in parentheses and centered. 

CHANGE OF SHORELINE OR DEPTHS.—Mention any reliable evidence as to recession 

or extension of shoreline or change of depths. Note important facts regarding changes observed. 

Give evidence, if any, of subsidence or emergence of shores. Locate and describe the limits of a 

dumping ground for dredged: or other materials. Report all obstructions. Temporary obstructive 

operations, such as dredging or other rapidly changing conditions, should not be described. Ob- 

structions that will remain for several years, such as those incidental to the construction of a large 

bridge, should be described. Note especially localities where changes of any sort affecting navi- 

gation are likely to occur, and report to the Office those which should receive frequent attention so 

that publications may be kept up to date. 

CHANNELS.—In the Pilot give controlling depths of channels, widths if necessary, and the 

probability of change. Where dredging is mentioned, state if the channel depth is maintained by 

maintenance dredging. If the controlling depth given is not for the entire width of the channel as 

shown by the channel lines on the chart, give as much information as is warranted. In some cases 

the project should be described, and the extent of completion should be given, with the date. Give 
the character of the bottom. State whether the sides are defined, at high or low water, by spoil, 

color, marine growth, etc., and give light effects if they are of any aid in distinguishing the channel 

limits. 

The reviser shall call at each District Engineer Office in the region covered by the Pilot being 

revised and obtain the most recent information available on the condition of the waterways under the 

jurisdiction of each office. The peculiarities of some of the dredged channels may be of great value. 

Tendencies to fill at certain places and the reasons for the filling, such as currents, current eddies, 

sloughing, floods, seasonal freshets, and ice, are important and should be explained in the Coast 

Pilot wherever such a condition is known to exist. If the depths are stable and changes affecting 

navigation are rare, explain. The extent of maintenance dredging is important. Where rock out- 

crops exist in dredged channels, with less water over them than the general dredged depth, it is im- 

portant to state that the bottom is rock. 

: State the maximum draft known to have been taken through the channel. Where the maximum 

draft differs from the minimum depth in the channel, give the reasons, as swell, squat, tide, and rocky 

or soft bottom. Note the depth and character of approaches to wharves, piers, drydocks, marine 

railways, and coal stations, and give the manner of approaching them, and why. (For channels 

over bars, see Bars.) 

Describe aids to navigation as necessary. In some well-marked channels, it will be sufficient in 

writing Directions to say to follow the aids. Usually it is better to give courses and distances for use 

in fog. 

For emphasis it may be advantageous to give the least depth and its location in a separate 

paragraph. 

Local information as to depths may not be dependable. Such information should be most care- 

fully checked, by soundings, if possible. Refer to the file of chart standards in the Nautical Chart 
Branch, and then to the survey sheets, or to the blueprints of the U. 8. Corps of Engineers, as may be 

necessary, to obtain information not yet shown on the charts. 

If a special method of showing the depths is used on the chart, such as by quarter widths of the 

channel, the method used should be described in such detail as is necessary to make it clear. 

If the depths change, or the position of the channel shifts so frequently that details of these changes 

are given in Notices to Mariners, either at regular or irregular intervals, include that information in 

the Pilot. ' 
In describing channels of such width that objects on both sides may be used simultaneously by the 

navigator, the channel should be described as a whole. Otherwise, the descriptions of different sides or 

sections of the channel may be separated in such a manner as to conform best to the layout of the Pilot. 

CHART CHANGES.—Before sending the manuscript of either a new edition or a Supplement to 

press, the Nautical Chart Branch must be consulted for changes in the limits of the charts or in chart 

numbers for the region being covered. 

CHECKING.—The importance of checking the manuscript cannot be overemphasized. Unless 

this is done thoroughly, errors are certain to occur. 
Every line of the manuscript, not only the parts that are changed, must be read and checked 

with the charts. The field reviser should use a system of checkmarks to indicate what he has checked 

in the field. 
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The recommended Directions should be checked with particular care. They must not only be 

scaled correctly, but they must follow the best routes. Survey parties are instructed to sound along 

all courses which they recommend (see 356). Every course and distance scaled from a chart must be 
checked. (See Directions.) 

It must be borne in mind that an error in a Pilot may have a very serious consequence. Coast 

Pilots are frequently used in law courts, and their accuracy must be beyond question. In fact, the 

first and most important requirement is accuracy. 

The importance of accuracy is illustrated by the action of the Director of the Bureau of Marine 

Inspection and Navigation in the case of the grounding of the 8S. 8. Manhattan in January 1941. 

In the list of findings of the Marine Investigation Board against the master is included, ‘‘He failed to 

heed the information and advice noted in Section D, United States Atlantic Coast Pilot with reference 
to making this approach.” 

COAST.—In general, this term refers to a strip of land of indefinite width bordering outside 

waters. 

COMPASS ERROR RANGES.—(See Ranges.) 

CONFIDENTIAL MATERIAL.— Material marked ‘‘Confidential’’ must be locked in the vault 
when not in actual use (see also 125). 

CONTINUITY.— Descriptions must be continuous. There must be no gaps. Gaps may be 
avoided by a special explanation or a cross-reference. (See discussion of Cape Cod Canal in 

9135B(4)). In a manuscript, each page must begin with a new paragraph. 

COURSES.—The words “‘course”’ and “‘steer’? must be used to mean “make good a course of.’ 

The latter is an awkward phrase to use continually, and the “Important” note (9135A(6)) should 

contain an explanation of this meaning so that the words ‘‘course”’ and “‘steer’’ can be used in the text 

without risk of being misinterpreted. 
COURSES AND BEARINGS.— (See Bearings and courses.) 

COVER.—A proof of the cover should be required, and it should be checked. The title Bow n 

on the spine of the book should be standard, that is, it should read from the bottom up. 

CROSS-REFERENCES.— (See Page references.) 

CRUISING.—Much of the information given in the Pilots should be obtained or checked from 

a vessel. The field reviser must use his judgment to make the most effective use possible of the float- 
ing equipment available. 

CURRENTS.—(See Tides and currents.) 

CUSTOMS.—Include in the appendix a list of addresses of customhouses. The text should 
contain a certain amount of information on this subject, varying with different ports. A statement. 

should be made as to where the customs officer boards incoming vessels. 

CUSTOMS PORTS OF ENTRY.—Besides being listed in the appendix, this information should 
also be given in place in the text (see Port information). 

DANGER CURVE.—Note the depth curve that may be considered the danger curve, if con- 

ditions make this information of value. 

DANGER ZONES.—From time to time the United States War and Navy Departments desig- 

nate certain areas as danger zones, and publish rules and regulations for the control of all shipping 

within such areas. 

Where practicable, the limits of these zones are shown on Coast and Geodetic Survey charts. 
The limits and regulations are usually given in a number of publications, such as the Hydrographic 

Office and Coast Guard Notices to Mariners and the Hydrographie Office Weekly Bulletin. The 

times that these areas are in use and are dangerous to enter are published in the Notices to Mariners. 

In the Coast Pilots it is sufficient to give the general location, and refer to the specific chart for the 

definite limits. That part of the regulations of importance to navigation should be quoted or explained 

in the text, and reference should be given to the publications in which the times of use and other de- 

tails are advertised. 

DANGERS, INSHORE.— Give extent and nature; least depths over them; whether visible; if 

they break, at what stage of tide; how much, if any, is bare at the chart datum; marks or ranges for 

clearing them by day or night. 

Describe any light effects on shoals or discolorations of the water that affect navigation. 

In regions where dangerous shoal areas or pinnacles are marked by kelp or other marine growth, 

state the ordinary significance of such growths, at what stage of tide they show at the surface, and 

when, if ever, they are towed under. 



916 HYDROGRAPHIC MANUAL Pace 830 

In regions where boulders, ledges, coral heads, or similar dangers probably exist, it is very desir- 

able to mention that fact. Where boulders are common, a warning should be given that vessels should 

avoid those places where the depth does not exceed the draft by so many feet. 

There is no need to list each one of a number of dangers in a locality. A description of the most 

prominent, or possibly the one farthest offshore, with a general statement, will generally be sufficient. 

(See Bars.) 
DANGERS, OUTLYING.—Describe and give Directions for clearing them. 

DATE OF A COAST PILOT.—A new edition of a Coast Pilot is given the date to which it is 

corrected. This is usually the date of the latest Notice to Mariners used in correcting the proof. 

This date is entered on the galley proof at the end of the preface. 

DATE OF INFORMATION.—Where information, such as depths in channels, or in docks, is 

subject to change, the date of the soundings, or information given, is very important. Generally 

both the month and year should be given, although the year alone is sufficient in some cases. (See 

Channels.) 

DATUMS.—Refer depths and elevations to the same datums used on the charts of the 

region. Explain this clearly and unmistakably in the ‘Important’ note (9135A(6)), and state what 

the datums are, as mean low water, mean lower low water, mean high water, as the case may be. 

Do not give the datums in the text, except for some special reason, as when some other datum is referred 

to. Abbreviations for datums may be used, but must be in accordance with the Symbols and Abbre- 

viations chart (fig. 189), e. g, MLW, MHW, ete. An explanation of these abbreviations should 

be included in the ‘‘Important”’ note. 

DEFENSIVE SEA AREAS.—Define by general statement or reference to the chart, and give 

the special regulations affecting navigation. These may be obtained from the Federal Register 

and the Notices to Mariners. The regulations may be grouped in one place and referred to elsewhere 

in the text. 

DEFINITIONS.—Refer to ‘‘A Glossary of Sea Terms,” by G. Bradford, and to the ‘Port 

Dictionary of Technical Terms,’’ published by the American Association of Port Authorities. 

DELETE.—A term which is much used but whose meaning is not as clear to some as the term 

“strike out.’’ Use the latter in Supplements. 

DEPTH AND DRAFT.—In general, give depths; there are exceptions, but care must be used 

in recommending channels for certain drafts, since it cannot be known what the condition of the 

sea may be or how a vessel will handle. There may be a number of special conditions under which 

a channel would not be safe for a draft that could be carried through it under ordinary conditions. 

In some cases squat or list must be allowed for. In river channels the freshness of the water is some- 

times a controlling factor. (See Channels.) 
DEPTH UNITS.—Use the same unit that is used on the specific chart being described, 

but omit the datum. (See Datums.) Do not give meters, but include conversion tables in the 

appendix. (See Meters.) 
DERATIZATION.—If certificates are required or issued, explain the conditions. If regulations 

concerning rat guards, etc., are effective, include whatever detail appears to be required. 

DETAIL.—Avoid including too much detail where not needed, as in channels that are well 

marked, even if they are winding. ‘This type of sailing direction may be best handled in some cases 

by a simple statement to ‘follow the aids.” 
Too much detail may be confusing and involves too many changeable features. It is often 

impossible to keep such descriptions corrected in the Supplements. 

DIRECTIONS.—The field reviser should obtain all possible information about different routes, 

established ranges, precautions that may be necessary on account of set of the current or lack of 

turning room, whether local knowledge is necessary, and whether any unusual caution must be observed. 

Note all ranges or features that are of value in making courses good. 

In Chapter 3 of the Pilot, after the description of routes, such Directions are tabulated that 

cover more than one chapter of the text (see 9135B(3)). Local Directions (those included within 

any one chapter) for entering ports, ete., are given in place in the text with other information about 

the place referred to. Local Directions may be given either in paragraph or tabular form, but the 

latter should be avoided unless the Directions are of unusual length, since they cost more and usually 

give less information. 
Local Directions should be headed, ‘‘Directions, __------_------------ ”. the name of the port 

or route to which they apply being always included. Where Directions are in paragraph form, the 

heading should be bold-faced as should all figures denoting courses. Important Directions, or those 
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of unusual length, or those involving a number of charts (as where Directions for a port are given 

from several points), may be center-headed. (See explanation of Plymouth Harbor Directions in 

9135B(4).) 

Directions must be scaled with special accuracy and care. They must be plotted on the largest- 

scale charts, and the routes must be examined carefully to make certain that the recommended courses 
are safe and the best. In selecting routes, the writer must bear in mind that, although many vessels 

use certain cutoffs or special routes that may save them a little time, the Coast Pilot should recom- 

mend only routes that are safe and conservative. An able navigator, with local knowledge, can use 

many short cuts, but these should not be reeommended to the general public. (See Two-way courses.) 

All positions in Directions should be referenced to fixed objects of a permanent nature. In some 

cases it is necessary to refer to buoys, but avoid, as far as possible, the use of objects of a changeable 

nature or those whose positions are subject to change. Many changes in Supplements can thus 

be avoided. 

Directions should not be given for channels that are so shifting in character as to make the 

Directions unreliable. In some cases they may simply consist of instructions to follow the aids as 

found, with a statement that the aids are moved as the channel shifts its position. Any known 

tendencies to sloughing, filling, or shifting of dredged channels should be described. 

Tabulated Directions shall be given in the form illustrated in 9135B(8). 

(See Checking, and Port and starboard.) , 

DISCOLORATION OF WATER.—This should be described in detail where it may occur to 

such an extent as to affect navigation. 

DISTANCES.—Distances should be given in nautical miles and tenths, or in yards where 

greater accuracy is required. In the Intracoastal Waterway Pilot, follow the system of the U. S. 

Corps of Engineers, which is statute miles. Do not use fractions; the graphic scales on the charts 

are in decimals. The lengths of short courses in Directions may be given to the nearest 0.05 mile. 

In giving lengths of measured trial courses, use as many decimals as are necessary for accuracy. 

DOCKS.—A dock is the slip or waterway between two piers or projecting wharves. (See 

Wharves.) 

DOCK CHARGES.—State if they are made, but do not give the rates. 

DOLPHINS, PILES, ETC.—If of importance to navigation, mention their approximate locations 

and use; whether for tying up to, for storage, for working off wharf, ete. 

DRYDOCKS.—(See Marine railways.) 

DUES—PORT, DOCKAGE, PILOT, ETC.—These are generally too changeable to permit 

their quotation. In some cases, where fixed by law, it is permissible to quote in part if considered 

desirable. 

ECHOES.—(See Sound reflection.) 

E. D.—(See P. D. and E. D. dangers and soundings.) 

ELEVATIONS.— Refer elevations to the same datum used on the charts, e. g., mean high water 

(see Datums). Give known or estimated elevations in all cases where the information may be of 

value to the navigator. This is of particular importance where the elevation will help identify a 

landmark, an offshore rock, etc. 

FACILITIES.— Facilities for handling cargo should be briefly noted. The purpose is to inform 

ship officers if they must be prepared to use their own cargo gear. Give the rate at which coal and 

oil are loaded, and whether fuel and water may be taken at the wharves. (See Bunkering.) List the 

general facilities available, such as electric power, stevedores, rail connections, etc. 

FERRIES.—The reviser may find it advisable to take trips on some ferries to note the routes 

followed and to obtain information from their captains. It is desirable to note in the Directions 

the localities where ferries usually cross main steamship tracks. This information may be of con- 

siderable value during fog. 

Information should be given as to the kind of ferry, whether passenger, freight, or automobile, 

and ports at which ferry service is available. This is of particular importance in comparatively 

isolated regions. 

FIELD WORK.—The reviser in charge of the field inspection shall ascertain whether the various 

divisions of the Bureau desire him to do any special field work, and also shall report to the Bureau 

on needs for surveys. Reports by individuals and organizations that field surveys are needed should 

be supported by evidence of the need. The reviser should recommend further surveys on account of 

developments, shoaling, changes, wrecks, reports of obstructions, inadequacy of old surveys, etc. 
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FISH AND WILDLIFE SERVICE.—If either federal or State bureaus maintain local offices 

in the district in which a reviser is working, he should obtain the addresses for the appendix of the 

Coast Pilot, and inquire of the officials in charge for their regulations, as well as for general informa- 

tion. Report any of their activities or regulations that may affect navigation. 

FISH TRAPS AND LOBSTER POTS.—Note presence and season, where they affect naviga- 

tion. If old stubs, broken off stakes, or piles are a menace, the localities and conditions should be 

given in the Pilot. Describe the general situation in the area in Chapter 2 of the Pilot. 

Limits of fish-trap areas in many localities are shown on the charts. Refer to them when describ- 

ing the region, but do not give their exact boundaries; generalize them. Special areas reserved for 

these purposes should be described, with a warning to navigators to keep clear. 

FLOATING DRYDOCKS.—(See Marine railways.) 

FLOATING LOGS AND OBSTRUCTIONS.—These are frequently found in sufficient numbers 

in certain localities as to constitute a danger to the navigation of small craft. Where such is the case, 

the Coast Pilot should warn the navigator. 

FLOATS.—Private or public; this does not include every bathing float and private pleasure pier. 

The locations of public floats that are available to strangers should be given. Give depths at public 

floats. If there is no public float, and a private float is commonly used, give the depth there. State 

whether stores may be taken at a float; and if water, oil, and gasoline are piped to the float; if not, 

explain how they can be obtained. For isolated regions be more explicit about stores, and state 

whether ice is available. 

FOG SIGNALS.—Give kind, but omit characteristics. At some wharves and yacht clubs 

special fog signals are operated, which should be described. Note silent zones as ‘‘reported,’’ unless 

the evidence of their existence is unusually well established. 

FOLIO HEADINGS.—These are the headings that are printed at the top of each page. In- 

structions to the printer are written by the Editor on the first page of the manuscript, and are repeated 

on the first page of both the galley proof and the page proof. 

For several reasons, including economy, the chapter title, plus the number of the general coast 

chart (see 9135B for definition), the area of which is described in the chapter, is used as a folio heading 

for all pages in each chapter. 

Where the topography of a region is so complicated that it is not practicable to divide the Coast 

Pilot into chapters, according to the layout of the charts, another system of folio headings must be 

used. In general, the same principle as noted above should be followed so far as practicable. The 

same folio heading should be used for a number of consecutive pages. Folio headings should be se- 

lected according to the areas shown on the general coast charts, and wherever possible, the number 

of the general coast chart should be shown in the folio heading and the number of the largest-scale 

chart in the center head. In some cases it may be preferable to use other headings than shown on 

general coast charts. 

FOREIGN TRADE ZONES.—Give the locations of such zones as are in the area; otherwise do 

not mention them. 

FREIGHTERS.—In some regions revisers, while traveling from port to port, have found officers 

of coastwise vessels and terminal officials of the freight and passenger lines to be among the best 

sources of information. 

GEOGRAPHIC NAMES.—tThese should be spelled as they are on the charts. This is to facili- 

tate reference from the charts to the Coast Pilots, and vice versa. The origin and date of the chart 

should, however, be considered, and if the spelling appears of doubtful authority, the Division of 

Charts should be consulted. Inquiry should be made concerning charts in preparation and under 

revision. Consult the geographic name standards in the Map Hall. (See 9321.) 

Decisions of the U. S. Board on Geographical Names should be followed without waiting for the 

approved form to appear on the charts. In cases of disagreement or changes in names, obtain data 

which can be submitted to the Board for a decision. (See section 16.) 

The names of aids to navigation must be identical with those in the Light Lists (see 7843). 

Where a place is known by more than one name or by variants of the same name, the alternate 

names should be given in parentheses after the accepted chart name. But this should be done only 

in the part of the text where the main description of the feature is given; elsewhere, the chart name 

alone should be used. AI] names should be indexed. 

As many geographic names as practicable should be included in the index, even including some 

names which may not need to be mentioned in the text for other reasons. 
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Keep a record of authorities for new names and proposed changes in names (see 162 and 163). 

GRAVING DOCKS.—(See Marine railways.) 

GRIDIRONS.—State where these are available alongside wharves for docking small craft between 

tides. Beaches where small craft are commonly beached, or that are especially suitable for this pur- 

pose should be mentioned. 

HARBOR MASTERS.—The harbor master, if there is one, is likely to be one of the best sources 

of local information. A special effort should be made to contact this official. He is most likely to 
know definitely the rules or regulations of the port that are in effect. He is also likely to be exceed- 

ingly well informed about local changes, and it is desirable that amicable relations be established 

with him so that he will be willing to furnish information to this Office by mail, if desired. The fact 

that there is a harbor master should be noted in the text, under the name of the port, and the port 

should be listed in the table of harbor masters in the appendix. 

In small towns the harbor masters change so frequently that it is not practicable to list the latter 

by name. The list in the appendix, however, should include the name of each town having a harbor 

master and the address of his office if one is maintained, or, if not, the place where the harbor master 

may be usually found. 
HARBOR REGULATIONS.—Those parts of harbor regulations that are of value to the navi- 

gator should be given. Special regulations for the control of certain industries should not be given 
except as they apply to navigation. As an example of this, consider the detailed regulations to 

control the handling of oils. Fuel oil, gasoline, and other oils are practically always handled by spe- 

cialists. They are familiar with the regulations and are informed when changes are made. There is 

no need to include regulations of that kind in the Pilots, but the navigator should be warned of any 

precautions that he is required to take when bunkering or handling oils. 

Information should be given as to where harbor regulations may be obtained and where the 

official responsible for the regulations and their enforcement may be contacted. 

HARBORS OF REFUGE.—List in Chapter 2 of the Pilot, under local information, the best 

harbors of refuge in the region. Give full description in the proper place in the text, with informa- 

tion as to accessibility under difficult weather conditions. Give depth in channel and in harbor, 

character of bottom, peculiarities of weather, amount of protection afforded, security, swinging 

room, ete. (See Anchorages in general.) 
HIGHWAYS.—State what highway connections there are in isolated localities. 

HOSPITALS, MARINE.—Give locations of these in the text and list them in the appendix. 

If the Public Health Service has no hospital of its own, mention any other hospitals; in some cases 

give the location of and distance to the nearest Marine Hospital. 
HYACINTHS, GRASS, WEED, MARINE GROWTHS, ETC.—State to what extent they 

affect navigation. 
ICE.—The extent to which it interferes with navigation and the approximate dates between 

which this condition usually exists should be given. Describe in detail, giving effect of wind, kind 

of ice, whether channels are kept open by ice breakers, and to what extent aids to navigation are 

affected. Describe average conditions, but give additional information about conditions in the 

most severe winters, if available. 

ILLUSTRATIONS.—In the Pilots now published by the U. S. Coast and Geodetic Survey, 

there is little, if any, need for illustrations. The comparatively complete charts and system of aids 

to navigation are sufficient for navigation without illustrations, except in a very few regions. Of 

these regions it is very difficult, if not impracticable, to obtain illustrations of value. Illustrations of 

well-known and easily recognizable features should not be used; they are not worth the expense. 

The title of any illustration published should include the bearing and approximate distance of 

the feature from the camera station. 
INLAND RULES.—(See Rules of the Road.) 
INTRACOASTAL WATERWAY.—The amount of information that should be included in 

the general Coast Pilots regarding the Intracoastal Waterway, and in the Intracoastal Waterway 

Pilots regarding the coastal areas, will be determined by the writer for each area. Generally Coast 

Pilots should contain descriptions of the inlets and waterways leading to the ports at which vessels 

engaged in coastwise trade call. If there is an inside route from these ports to the other ports, that 

fact should be stated and the controlling depth given, but details must be omitted. A cross-reference 

should be made to the Intracoastal Waterway Pilot, where the route is fully described. In this way 

detailed correction will need to be made in only one publication, thereby simplifying the problem of 

keeping the Pilots up to date. 
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The Intracoastal Waterway Pilot should describe the inside passage, and briefly the channels 

and inlets extending from it to the sea, but should not give coastal descriptions, or more than refer 

to ports not located on the route or reached byit. (See 914.) 

JETTIES.—State if jetties cover and are dangerous, and at what approximate stage of the tide. 

Describe, as warranted by their value for protection, for landmarks, and as dangers, if so. Give 
height above mean high water. 

KELP.—Where important, the extent of kelp beds should be given. If it grows on shoals, it 

should be described. Include appearance, quantity, whether seasonal or not, whether it tows under 

at times, and how it shows. (See 3623b and 7864.) 

LANDFALLS.—First landfalls are described in Chapter 2 of the Pilot. Local descriptions are 

given in place in the text. Describe the appearance of the coast on making the land—on a bold coast 

the headlands, peaks, ete., with their form, color, and height; and on a flat coast, the water tanks, 

spires, beacons, etc. Streaks of color in bluffs, etc., may be useful identifying features. Mention 

any local features that may be used in fog or at night if the aids to navigation are not functioning. 

LANDING FIELDS.—Report any in the locality visited. Any of importance to navigation 

should be described in the Pilot; for example, seaplane landings at which supplies are available, or 

that affect navigation. Mention regular routes and special services available in isolated places. 

LANDING PLACES.—These are of special importance on dangerous coasts. State location and 

peculiarities affecting landings, stage of tide best for landing, and when dangerous, etc. 

LANDINGS.—State whether public or private. If the former, give the depth of water alongside 

and in the approach. State whether fuel, water, and supplies are available and how they are taken 

on board. (See Floats.) 

LANDMARKS.—Instructions for obtaining and furnishing information on landmarks by regular 

survey parties are given in 155 and 8534. 

Describe all prominent landmarks likely to be of most use for navigation or for future survey oper- 

ations. If objects, such as mountains, hills, cliffs, islets, or rocks, are recommended as landmarks, 

give their measured or estimated heights. State if mountains mentioned are often cloud-capped. 

Check in the field landmarks shown on charts or mentioned in Pilots, and report those that are 

no longer of value. Landmarks may be located by sextant angles. If new landmarks suitable for 

charting exist, select and locate them. Those sighted and recommended for charting, but not located, 

should be reported to the Office for future location. All Jandmark information shall be reported on 

Form 567 in accordance with 8534. 

LANGUAGE.—Simplicity, clarity, and conciseness are essential. No ambiguous or indefinite 

expressions should be used. The text should be clear even to a landsman going to sea for the first 

time. 

LATITUDES, LONGITUDES, AND CHART NUMBERS.—About once each two pages in the 

text, one feature shall be selected and marked with an asterisk. The footnote shall consist of the lati- 

tude and longitude of the feature to the nearest tenth of a minute and the numbers of all the Coast and 

Geodetic Survey charts which include that position. Latitudes and longitudes of lights and other 

features are not to be given in the text, the need being fulfilled by the footnotes. 

LIFEBOAT STATIONS.— Include in a table in the appendix all Coast Guard Lifeboat Stations 

in the region and their locations, and mention each with location in the text. Indicate those that are 

inactive. 

LIGHTHOUSES.— (See Lights.) 

LIGHTS.—Fixed lighted aids to navigation shall be called ‘‘ Lights’’ in the Pilots, and the name 

given in the Light List shall be used and bold-faced in the text. With the description of the light, 

consisting of its elevation and the distance it is visible, shall be given a description of the structure 

supporting it, including, if necessary, adjacent structures. This description shall include all details of 

the appearance of the structure that might aid in identifying it in daytime, using the same nomen- 

clature used in the Light List. Omit color of light, characteristics, phase, period, and sectors, except 

in unusual cases. Give types of fog signals operated, but not the characteristics. The term “light- 

house” is not to be used as a part of the name of the aid to navigation, but it may be used in the 

description of the structure, or a house or tower no longer used to show a light may be referred to as an 

“abandoned lighthouse tower” or an ‘‘abandoned lighthouse.’’ Use the term which is most descriptive. 

LIGHTSHIPS.—Give the appearance by day, identifying marks, number of masts, ete. Give 

the number of lights, elevation, and distance visible. Omit changeable characteristics, as in case of 

other lights. State type of fog signal operated, but not the characteristics. If auxiliary lights and 

fog signals are used in emergencies, describe them in the same manner. Describe any lights, ete., used 

to show the heading of the lightship. 
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LOBSTER POTS.—(See Fish traps and lobster pots.) 

LOCAL MAGNETIC ATTRACTION.—Information of this kind should originate in the Divi- 

sion of Geomagnetism and Seismology. Local reports from the field should be forwarded to that 
Division for verification and information. Include in the Coast Pilot the location, limits of area 

involved, and maximum magnitude of error. 

LOCKS.—(See Canals.) 

LOG BOOMS.—Note where and when they may exist, if of interest to navigation. If the natural 

width of the channel is restricted by them, or if some areas are enclosed by them to the extent of 

affecting navigation, describe the condition. State if they are lighted. 

LOG RAFTS.—State if the navigation of a channel or canal is affected by these or if their presence 
as tows may be a danger during fog or poor visibility. 

MAGNETIC COURSES AND BEARINGS.—Tables shall be included in the appendix to 

facilitate the conversion of true directions in degrees to magnetic directions in points. These tables 

should convert true directions for every 2° into magnetic directions to the nearest eighth point, and 

should cover the range of variation in the region described in the Pilot. In most Pilots, the magnetic 

directions in points can be given for every 2° of variation, but in some regions the range of variation is 

too great for this. In such cases, the tables need not be made larger, but the directions in points may 

be given for only every 4° or 5° of variation, as necessary. 

MAPS.—(See Blueprints and maps obtained locally.) 

MARINE RAILWAYS.—Give a description under each port where there is one or more. Give 

maximum length, depth forward and aft, and tonnage of vessels that can be hauled out. Also give 

the controlling depth in the channel to the plant. State if there is a machine shop, and, if so, give a 

very general statement as to its capacity. Give the same information for floating drydocks and 

graving docks. 

The table in the appendix shall give the dimensions, as above, of the largest vessel that can 

be hauled out on a marine railway in every port, in the region covered. Similar information shall 

be given in the same table for floating drydocks and for graving docks. State in each case if there 

is a machine shop. More detailed information may be given in the text if desirable. (See Repair 

Yards.) 

MARKER BUOYS.—Mention where used. 
MEAN LOW WATER, MEAN HIGH WATER, MEAN LOWER LOW WATER, ETC.— 

(See Datums.) 

METERS.—Some navigators are more familiar with the metric system than with the English 

system of measurement. For their convenience there shall be included in the appendix suitable tables 

for the conversion of feet and fathoms to meters, and vice versa. 

METEOROLOGIC CONDITIONS.—Tables shall be included in the appendix giving the best 

average information available for four or five different places. Obtain data from the Weather Bureau 

and Coast Guard. 
MEASURED SPEED TRIAL COURSES.—To be referred to as such, unless the length is 

exactly 1 mile. Give the exact length and course, and state whether the length is in nautical or statute 

miles. Describe the appearance of marks, and give any other information of value to the user. Request 

other vessels to keep well clear of the course while trials are being run. 

MOORING BUOYS.—(See Buoys.) 

MOUNTAINS.—Any hill more than 1,000 feet in elevation should be referred to as a mountain. 

If snow-covered, state when, and give the elevation of the timber line. State whether the summit is 

usually visible or cloud-capped. Give any details that may aid in its identification or that may make 

it of unusual value. 

MUD ISLANDS.—Where these occur, as off the Mississippi Passes, describe them. 

NAMES.—(See Geographic names.) 

NUMBERING OF LINES.—In the part of the text where the detailed description of the region 

is given, every fifth line should be numbered. Generally this will be from chapter 4 to the appendix. 

This facilitates text references, particularly in the Supplements. (See 9137 and 915.) 

OBSTRUCTIONS.— Where information is based on reports, or is of an indefinite character and 

not determined by a survey, give dates, with all pertinent information. If it is from an unverified 

report, state so. 

OBSTRUCTION LIGHTS.—These should be described if they are used, and as much detail as 

necessary should be included. 

OYSTER CULTURE BEDS.—The general location of these should be given, with a proper 

warning about speed and wash in the locality. 
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PAGE REFERENCES.—These are supplied by the Coast Pilot Section and entered on the page 

proof. Cross-references are essential in many places, but should not be used indiscriminately. Ina 

complicated area, like southeast Alaska, a great many will be required, but on a straightaway coast, 

there need be very few. In some cases considerable repetition may be avoided by using them. 
PARAGRAPHS.—Each page of the manuscript must start with a new paragraph. This is a 

requirement of the Government Printing Office Style Manual. If a paragraph is too long to go on 

one sheet, add to the length of the sheet. Short paragraphs are desirable. 

P.D. AND E.D. DANGERS AND SOUNDINGS.—Give available information, with date. 
Give extent of investigation made, if any. 

PILES.—Piles are sometimes left in place when a bridge or structure is removed. In such 

cases the condition-should be described in the Pilot. (See Dolphins, piles, etc.) 

PILOTAGE.—State whether it is required by law or is necessary because of difficulties of naviga- 

tion for strangers. Give information as to whether pilots take vessels at night; where ships are 

boarded; description of pilot boat and signals; and location of cruising ground. State if prior or 

special arrangements can be made for pilots, and describe how they can be made. Copies of State 

and local Pilot Rules and Regulations should be obtained and used as authorities. 

Give special regulations of importance. Describe where to anchor while waiting for a pilot, and 

state if tug is available and used for towing, docking, and shifting berth. Pilot rates and charges 

should not be given. 
State whether a vessel is liable for payment of fee if pilot is not taken and give any exceptions. 

It is not necessary to give all of the details of the pilot regulations, but that part of value to an 

incoming stranger should be given. 

POPULATION.—The population of the various ports described in the Pilot should not be 

given unless that information serves some special purpose. 
PORT AND TERMINAL CHARGES.—Too much detail of a changeable nature must be 

avoided. It is usually sufficient to state that charges are or are not made for certain services. (See 

Port Series.) 
PORT INFORMATION.—The following data are commonly required for each port described 

in the Pilot. So far as practicable this information should be given in the Pilot in approximately 

this order for all ports of commercial importance. If the port is described in the Port Series of the 

U.S. Corps of Engineers, a reference may be made to that publication, and some of the information 

in the Pilot may then be more generalized, but the fact that it is so described does not lessen the 

responsibility of the reviser to include in his record all information essential to the safe navigation 

of a vessel entering the port. All details must be included for any port regulations which the navi- 

gator should know before arriving at the port. Give the address of the office of port administration. 

General description of port: Directions. 

Location. Port Services: 

Landmarks. Dockage and wharfage. 
Channels, depths, etc. Facilities. 

BIBASES Storage. 
Pilotage. 3 

Towage. Supplies: 

Quarantine (fumigation). Fuel; oil, Diesel oil, gasoline, coal, provi- 

Customs. sions, water, and electricity. 

Port of entry. Lighterage. 

Marine documents, if issued. Salvage and wrecking gear. 

Immigration. , ‘ Marine repairs: 
Hospitals and Relief Stations. Drydocks, capacities, ete. 

Anchorages: SHOps 

Quarantine. 

General. General port activities: Type and kind of commerce. 

Forbidden. Communications. 

Government vessels. Government offices. 

Caen aswel aio} Ranges for compass adjustment. 

Mooring buoys. Weather: 

Regulations, if important. Fog. 

Harbor Regulations. Prevailing winds. 
Tides. Storms. 
Currents. Ice. 
Bridges: _ 

Glearancest Storm warnings. 

Signals. Time signals, visual. 

Regulations. 
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While the above outline is primarily designed for ports, it should also be followed in describing 

bays and other bodies of water as far as practicable. 
PORT AND STARBOARD.—Avoid the use of these terms as much as possible by giving the 

direction or bearing of the object in degrees or points. Use a definite statement that is independent 

of the vessel’s heading. 

PORT SERIES.—These publications contain much information of value to the reviser. If the 

edition being used is of recent date, the information therein can be accepted. If the publication is 
old and out of date, verification of information of a changeable nature is necessary. 

PORTS OF ENTRY.— (See Customs ports of entry.) 

POST OFFICES.—If there is no post office at a landing, village, harbor, etc., in an isolated 

region, that fact should be mentioned. In such eases, give the distance to the nearest post office. 

PRIVATE AIDS.—If they are maintained locally, they may be mentioned as such, but details 

must be avoided. (See Aids to navigation.) 

PROJECTS.—It is sometimes advisable to give details of projects, such as those of the U. S. 

Corps of Engineers; for example, where maintenance dredging is done, or where work is incomplete 

at the time the Pilot is written but dredging isin progress. Under no circumstances should the project 

depth be reported as existing, until definite information has been received from proper authority that 

it does actually exist. 
PUBLICATIONS.—It is intended that the list of publications in Chapter 1 of the Pilot shall 

include the titles of the official publications of value to navigators. Only information of a permanent 

kind should be given about them. The exact title of the publication and the place where it can be 

obtained are usually sufficient. 

The field reviser should obtain copies of publications issued by port authorities, port commissions, 

pilot associations, yacht clubs, and other similar organizations which give information on subjects 

that should be treated in the Coast Pilot. 
QUARANTINE.—Give any special features of the quarantine regulations that a shipmaster 

should be acquainted with before being boarded. Describe the quarantine anchorage and give the 

location where the quarantine officer boards vessels. Describe any special signals. 

RADIO.—This subject is almost completely covered in Chapter 1, as far as the Coast Pilot is 

concerned. Sufficient information is given there for a ship officer to be independent of the radio 

operators for information concerning his own legal responsibility for his radio, and concerning the 

radio services available tohim. It is not a function of the Coast Pilot to include a radio operator’s 

manual. Call letters should not be given. Wave lengths may be given in certain instances when 

they are unlikely to be changed, and are of sufficient importance. Reference to H. O. 205 and H. O. 

206 should be made freely. 
RADIOBEACONS.—Give location and refer to Light List and H. O. 205 for details. 

RADIOBEACON BUOYS.—Note the location and name. Refer to the Light List as necessary 

for details of operation. 

RADIO DIRECTION FINDER STATIONS.—These should be mentioned, and reference 

made to the Light List and to H. O. 205 for details. 
RADIO DISTANCE FINDING.——If stations are equipped for this method of distance finding, 

give that information in the text with any necessary references. 

RADIO TOWERS.—Should be described like other landmarks. Include lights and elevations. 

RADIO TELEPHONES.—In regions where shore radio telephone stations are few, or some one 

is of particular importance, give details, except those of a changeable nature. 

RAILROADS.— State if there is a railroad siding on a wharf, or if cargo must be trucked. If 

trucks are run on the wharf, describe the condition. 

In small ports, state if there is a railroad connection and, if not, how far it is to a railroad or truck 

line. 

RANGES.—Do not give the characteristics of the lights, but describe the marks to facilitate 
identification in the daytime. Give bearing or azimuth of range. Where azimuths of ranges have 

been determined with sufficient accuracy for use in determining compass errors, the azimuths are 

given in degrees and minutes in the Light Lists, and the Coast Pilot should mention this fact in 

describing the range. Unless given to minutes, the determination is not suitable for such use. 

A list of ranges suitable for compass-error determination should be given in the appendix. In this 

list should be given the Light List name and the description of each range mark, the true bearing to 

minutes, the variation at the place for a definite year and the annual rate of change of variation. 
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If the use of apparently suitable ranges is not recommended because of local attraction, or for 

other reasons, the condition should be described in the text. 

Describe ranges in use by pilots and the means of identifying them. Suggest other ranges that 

will be useful. Give ranges to clear dangers, if available. (See Aids to navigation.) 

REEF.—A reef is a rocky or coral elevation dangerous to surface navigation, which may or 

may not be exposed at the chart datum. A rocky reef is always detached from shore, while a coral 

reef may or may not be connected with the shore. It is important that the stage of tide be given at 

which a reef bares or breaks. The area that bares at the chart datum may be estimated, and @ 

statement may be made that it bares so many feet at that plane. Peculiarities, such as light 

effect, etc., should be included. (See Dangers, inshore.) 

RELIEF STATIONS, PUBLIC HEALTH.—Give locations of these in the text, and prepare 

lists for the appendix according to class. 

REPAIR YARDS, ETC.—In addition to the information given in the text and in the appendix 

for the larger marine railways and drydocks at each port (see Marine railways), it is desirable to 

describe in the text, under the port name, special facilities for repairing small vessels. The maximum 

sizes that can be accommodated should be given, including the length, depth forward and aft, tonnage, 

and often a statement of the draft that can be taken to the dock. It is important to state if machine 

shops are available, and whether they are equipped for more than minor repairs to small boats. State 

if supplies are available at repair yard. 

REPORTS.— When it is impossible to verify them, important corrections should be entered as 

reports. In some cases the source and date of the report should be given. 

RIVERS.—Give controlling depths and the class of vessels which can enter, upstream limit of 

tide, depth on bars and permanency of channel, strength of current, anchorages, effect of freshets, 

distance to head of navigation for steamers and other craft. State whether water is fresh and suitable 

for boilers. Give Directions, and information necessary or of value to the navigator. If channel is 

very well marked, a statement to ‘follow the aids to navigation’? may be nearly all the Directions 

required. (See Channels.) 

ROUTES.—Reviser should ascertain and report the routes generally followed by vessels of 

various classes, powers, and sizes. These routes should be described in Chapter 3 of the Coast Pilot. 

RULES OF THE ROAD.—Do not publish these—they are issued free of charge by the U. S. 

Coast Guard. Where special rules apply, describe the condition with as much detail as warranted. 

SALVAGE GEAR.—TIf available, give the type and radius of action. If there are tugs, diving 

gear, etc., a general statement should include that information. 

SEAPLANE LANDING AREAS.—In some harbors certain areas are reserved for seaplane 

landing. The use of these areas by shipping is restricted. This should be described in the Coast 

Pilot according to the importance of the area and the permanence of the regulations. (See Landing 

fields.) 

SEAPLANE RUNWAYS.—Obtain location of them and note facilities, such as gas for launches, 

supplies, ete. Publish any special rules or regulations of a permanent nature affecting navigation. 

Usually a caution note will be sufficient. 
SHOALS.—The term shoal should be limited to a detached area which constitutes a danger to 

surface navigation. A detached area whose least depth is such that it is not a danger to navigation 

should be called a bank. (See also 1682.) 

A series or group of shoals should be considered together; the description should be generalized, 

avoiding specific mention of each shoal spot unless there is a very definite reason for it. Isolated 

shoals, the outer part of a general shoal area, or an especially dangerous part may be considered among 

the exceptions. In describing shoals, there is no need to repeat information clearly shown on the 

charts, except to mention it in a general manner or as a caution to the navigator. Describe light 

effects, if any. Describe local phenomena, such as jellyfish shoals. (See Kelp.) 

SHORE.—The term shore refers to the narrow zone of land fronting any body of water, except 

rivers. Describe, giving characteristics, such as height, color, wooded, sandy, cultivated, bold. 

Also give the appearance from seaward of land, points, islands, and rocks. This kind of information 

should be very carefully evaluated as to its value to the navigator and should not be given unless it 

has such value. 

SIGNALS, SPECIAL.—This refers to such signals as those for a doctor, a fireboat, police, etc. 

Where these are used, describe them. 

SILENT ZONES.—(See Fog signals.) 
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SOUND REFLECTION.—Note and describe any places where this may be used to advantage 
in navigation. 

SOUNDINGS.—Describe the character of the slope of the bottom and whether soundings 
can be depended on to warn of the approach to danger or to enter ports in thick weather. Note 

any special submarine features, such as valleys, escarpments, etc., that may be useful as submarine 

landmarks. Off points and headlands note danger curve or sharply defined depth curves that are 

of value in rounding such features. Where the character of bottom is of value to navigators, describe 

in as much detail as necessary. 

STAN DARDIZATION.—So far as possible the methods used in writing the Coast Pilots should 

be standardized. Much time can be saved both in revising the Pilots and in preparing Supple- 

ments, if all the Pilots are written in the same manner, as outlined. 

STARBOARD.—(See Port and starboard.) 

STEAMER AND LAUNCH SERVICE.—In isolated regions, all information available about 

local steamer or launch service should be given. Describe the kind, whether passenger, automobile, 

freight only, or combined. Any variation in service in the different seasons of the year must be 

included. 

STORAGE.—If available, state the kind, whether covered, open, general, or cold. Are there 

bonded warehouses? If small-boat storage space is available, give the size of the largest boat handled. 

STORM WARNING DISPLAY STATIONS.—List in appendix, and also note in place in text. 

State whether there are day and night displays and if small-craft warnings are displayed. 

STYLE MANUAL.—tThis is issued by the Government Printing Office, and contains rules of 

that Office governing the preparation of manuscript, and the correction of proof. Many examples 

of compounding, phrasing, abbreviations, ete., are given and the writer should familiarize himself 

with it and use it as a reference book. 

SUBMARINE BELLS.—Note and refer to Light List for details. 

SYMBOLS—Use the Symbols and Abbreviations chart published by the Bureau (see 

fig. 189). 

TABLE OF CONTENTS.—tThe writer will find it advantageous to prepare a table of contents 

with chart numbers, chapter by chapter, before writing the different chapters. 

Where the chart diagram is at all complicated, the areas covered by the largest-scale charts 

should be outlined in colors on a copy of the small-scale chart which is the subject of the chapter. 

TABLES.—AII tables, except for Directions and sometimes for bridges, should be in the appendix. 

(See Appendix in 9135B(5).) In one of the Field Record Books a definite section should be set aside 

for the assemblage of tables for the appendix. So far as possible, the tables are to be prepared in 

the Office, and verified in the field. 

In the manuscript, each table must be shown on a separate sheet without any of the text appearing 

on the sheet. This is a requirement of the Government Printing Office. 

TIDES AND CURRENTS.—Practically all the information relative to tides and currents is 

furnished by the Division of Tides and Currents. All additional information obtained in the field 

should be referred to that division for approval before publication. 

Information on tides and currents already published on charts and in tide and current publi- 

cations should not be repeated in detail in the Coast Pilot. . References to these publications are 

important. If information is of special value, a general statement should be made. Peculiarities 

and irregularities of tides and currents should be described. 

If the port or place being described is one of the standard ports for which daily predictions are 

made in the Tide Tables or Current Tables, that fact should be explained in the Pilot. If there 

are special publications by the U. 8. Coast and Geodetic Survey, such as books or current charts, 

dealing with tides and currents at any locality, they should be described in the Pilot. 

In shoal areas, especially in enclosed waters, give the variation of surface level due to storms and, 

if possible, develop a relationship between velocity and direction of wind and the magnitude of result- 

ing changes in surface elevation. 

Times of change of current, etc., should be referred to the time of high or low water at a port 

for which tides are predicted in the Tide Tables, because the reader is apt to be more familiar with 

tidal data. 

In discussing tidal currents, use the expression ‘‘current’’ rather than “stream.”’ In describing 

currents, consider carefully expressions such as ‘‘flood current,” and ‘“‘north-flowing current,” and use 

the one that best and most clearly defines the condition. 
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Give velocity, direction, duration, and the relation of time of slack current to that of high or low 

water. Note directions of currents with reference to axes of channels and openings through bridges 

and at other contractions of the fairway, across bars, in entrances, and in approaching docks and 

piers. Also note the occurrence of rips, swirls, and eddies, and the effect of wind and freshets on 

currents, and if flood or ebb current is ever entirely overcome. Describe fully all abnormalties in 

currents or marked variations from usual phenomena. The notes should cover the entire area, both 

inshore and offshore, and include all horizontal movements of surface waters, whether tidal, nontidal, 

or both. Where the currents are due to winds or other meteorologic cause, or are greatly modified 

in velocity, direction, and duration thereby, the variations produced should be determined and, if 

possible, their relation to the conditions that produce them given—for example, the relationship 
between the velocity and direction of the wind and the velocity of the current. 

A general discussion of the wind currents on both Coasts is given in Chapter 1 of the Pilot, which 

is standardized. Local wind currents may be described in the text under local headings. A dis- 

cussion of offshore currents and general coastwise currents in the area covered by the Pilot should be 

included in Chapter 2. 

All current velocities should be expressed in knots. 

TIDE RIPS.—Give location and limits, and conditions of tide, wind, and sea which cause them 

or make them worse. Give warning if they are dangerous under certain conditions and define these 

conditions. If it is possible to avoid them, describe how to do so. 

TIME SIGNALS.—These are described in sufficient detail in Chapter 1 of the Pilot. Any 
places displaying visual time signals should be noted in the text. ; 

TRUCKS.—If there is no railroad siding on the wharf, state if trucks can be used. Give facili- 

ties for handling freight, and whether it is hauled by truck to and from port. If fuel can be delivered 

by oil truck and put on board vessels, give quantity available, and rate of bunkering. 

TRUE COURSES AND BEARINGS.—Only true courses and bearings are to be given. (See 

Bearings and courses.) 

TOWBOATS AND WRECKING EQUIPMENT.—State whether towboats are available and 

if they are used for docking or mooring vessels. In the text and in Chapter 2 of the Pilot under a 

paragraph headed ‘“Towboats and Wrecking Equipment,” so that both items will be indexed, give 

the ports at which towboats and wrecking equipment are available, including such items as horse- 

power of towboats and the kind of wrecking equipment available at the different places. If this 

equipment is available at a number of ports in the region, it may be tabulated in the appendix, with 

references in Chapter 2 and in the text. 
TWO-WAY COURSES.—In areas where traffic is congested, it may be desirable to reeommend 

two routes in the Directions, one for entering, and one for leaving. Part of the Directions for New 

York and for Boston are now in this form. Before recommending two-way courses for other places, 

study carefully the information available, and obtain the approval of higher authority. 

UNCERTAINTIES.—Where there is uncertainty regarding the correctness of statements ob- 

tained in interviews, they should be forwarded to the Office with an explanation and an estimate of 

their value. If considered worth while by the Office, such information may be entered in the Pilot 

as a report rather than as a fact. 
WATER.— Give the following information on this subject: whether it is suitable for boiler use, 

and for drinking; piped to wharves and floats, or delivered by water boats; quantity available. Give 

the maximum rate at which water can be delivered to vessels. Give the upstream limit of salt water 

at different seasons or under various conditions. State whether overboard water is sufficiently fresh 

for drinking or for boilers and if it is used for these purposes. 

WEATHER.— Obtain information in the field on any local peculiarities of weather that may be 

important, and include in Pilot if worth while. 

Chapter 2 should contain a description of the weather and weather abnormalities which may be 

found in the region covered by the Coast Pilot. 

WHARVES.—The depths at different wharves in the principal ports are given in the U.S. 

Corps of Engineers Port Series. The accommodations at such ports must be mentioned in the 
Pilot, but the descriptions can be more generalized if they are described in the Port Series. In 

any case, the maximum draft that can be accommodated at a port, and the depths at those wharves 

and floats used by the public must be given. Detailed information of this kind that is readily 

available elsewhere should not be included in the Pilot. 
Descriptions of the wharves at many small ports, and the depths alongside, are published only 

in the Pilot. It is important to get such depths, reduce them to the sounding datum, and publish 
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them as “The depth at (such a) wharf was (so many) feet in (July 1940).”’ Also give length of avail- 

able berths, storage, and transportation facilities, cargo-handling gear, fueling facilities, information 

about supplies, power connection, water, etc. 

The Pilot must be written primarily for the convenience of the majority of its users. If the 

region is an isolated one frequented only by small craft, such as those used by fishermen and yachtsmen, 

more detailed descriptions of wharves, floats, and facilities for such craft must be included than would 

be required for a well-developed section where the existence of these facilities may sometimes be 

assumed. 
Regardless of source, the date of the information must be considered, and if the information is 

of a changeable type, it must be of recent date or be checked. 

If a wharf is reported to be dilapidated or in ruins, consider the advisability of giving the date if 

there appears to be a chance of repairs being made. It is important to note old piling that may be a 

menace to navigation. 

WINDS.—Express in nautical miles per hour, and points true, or give force by Beaufort scale. 

WRECKS.— Information regarding the occurrence of wrecks is often of value. Inquiries must 

be made, and the cases investigated to determine the various causes contributing in any way to marine 

disasters, such as little-known currents, inadequacy of aids to navigation, misleading or deceptive 

bottom relief in approaches, shifting shoals and channels, imperfect or inadequate charts. In general, 

the subject of wrecks can be treated in Chapter 2 of the Pilot to very good advantage, although mention 

should be made at the proper places in the text where there appear to be an unusual number of wrecks, 

indicating that there are unusual dangers. If there is a natural reason for wrecks in any locality, 

explain it, and state how to avoid those conditions. 

Wrecks that are of importance to the navigator, either as dangers or landmarks, should be de- 

scribed in as much detail as warranted. Do not describe those that will be removed before the Pilot 

is published. 
917. NOMENCLATURE AND TERMINOLOGY 

Abbreviations —Abbreviations must agree with those in use on the charts (see 
Symbols and Abbreviations chart, fig. 189). For further reference, use the Govern- 
ment Style Manual. In case of uncertainty, comply with the rules given in the latest 
edition of the ‘“‘American Standard Abbreviations for Scientific and Engineering Terms,”’ 

Pamphlet No. ASA.Z10.1-1941 (Library No. 503 A 51). 
Capitalization, compounding, and punctuation.—In general, the rules given in the 

Style Manual may be accepted as final authority, but in some cases, Webster’s New 

International Dictionary, and other authorities must be considered. 
Definitions —“‘A Glossary of Sea Terms,” by G. Bradford, is a reliable reference 

work. 
Terminology.—The following terminology is in use in the Coast Pilot Section in 

1942. Capitals and lower-case letters are used as in the examples. Obviously such 
a list cannot be complete, but the correct usage with respect to terms not included 

can be determined by analogy. 

boulder buoys—continued. 

breakwater; Georgetown breakwater; lighted bell buoy 

Georgetown Harbor breakwater lighted buoy 

bridge; Brooklyn Bridge; the Pennsylvania lighted gong buoy 

Railroad bridge lighted whistle buoy 

buildings; a building; Whitehall Building lighted trumpet buoy 
buoys: red buoy 

bell buoy trumpet buoy 

black buoy vertical-striped buoy 

fairway buoy whistle buoy 
Gedney Channel bell buoy church; a church; St. Philips Church; St. 

Gedney Channel lighted buoys Phillips Church spire 
gong buoy close to (hyphenate only when used as an 

horizontal-banded buoy adverb) 
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close aboard 

Coast Guard 

Coast Guard station 

coastline 

coastwise 

curve 
customhouse; Charleston Customhouse 

daymark 

deep-draft vessels 

deep-sea 

dock; the dock; but National Docks 

extremity 

factory; a factory; but Commonwealth Shoe 

Factory 

fairway 

flagstaff 

foghorn 

fog signal; Point Reyes fog-signal station 

heave-to 

high water (hyphenate only when used as 

‘an adjective) 

hotel; or the hotel; St. Margaret Hotel 

ingoing 

inshore 

International Code 
jetty (see breakwater) 

keep a sharp lookout, but look out for the 

buoy 

leadline 

lee shore 

leeward 

lifeboat 

lifesaving station (in text); but U. S. Coast 

Guard Lifeboat Station 

light; the light; Owls Head Light 

lighthouse; the lighthouse 

lightship; the lightship; Ambrose Lightship 

low water (hyphenate only when used as 

an adjective) 

marine railway 

masthead 

mean high or mean low water—MHW or 

MLW (no spaces) 
mid-bay ; mid-channel; mid-river; midstream; 

midway 

molehead 

naval vessel 

navy yard (capitalize if specific navy yard 

is meant) 
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nearby 

north or northern, etc. (as adjective) 

northward, ete. (as adverb) 

off-lying 

offshore 

pier; the pier; pier B; Commonwealth pier 
pierhead 

pierhead line 

pilothouse 

pilot vessel 

point; the point; Point Blunt; Montauk Point 

quarantine station 

radiobeacon 

radio direction finder 

radiogram 

radiophone 

radiotelegram 

radiotelegraph 

radiotelephone 

R.A.R. 

1; Joy, 10M 

railroad 

range lights 

sandbank 

shipboard 

shipyard; Lawley Shipyard 

shoreline 

stack (use rather than chimney) 
Standard Oil Co. 

steamer 

steep-to 

Submarine Operating Area 

tidal bench mark 

tide station 

topmark 

towboat; water boat; pilot boat 

upturned 

vessel; steamer; sailing vessel; small craft 

(and boats); (to be used instead of ship, 

bark, schooner, boat) 

waterfall 

water tank 

weather-bound 

weather shore 

wharf; a wharf; Tillson wharf 

windward 

wire drag; (hyphenate only when used as 

an adjective) 

92. PROCESSING OFFICES 

Processing Offices are established from time to time, and maintained, at selected 

coastal cities conveniently located to project areas or to home ports of survey ships. 
The Processing Offices are for the purpose of processing, in an orderly and systematic 
manner, field records of surveys accomplished from vessels, where there is no oppor- 
tunity to complete the office work on board ship. The offices are under the direct 

In matters pertaining to the survey work, however, a 
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Processing Office may be under the general supervision of the senior Commanding 
Officer in the area or, if at a city which is a district headquarters, may be under the 
general supervision of the District Supervisor. 

921. PERSONNEL AT PROCESSING OFFICES 

a. Officer-in-charge—The officer-in-charge is assigned by the Director, usually 
for a period not to exceed 1 year. So far as practicable the officer is selected, upon 
recommendation of the Chiefs of Party whose records are to be processed, from those 

who have been employed during the preceding season on the field work of one of the 
survey ships, the work of which is to be processed at the office. The officer-in-charge 

at some Processing Offices acts as Chief of Party and handles all accounts of his office, 
including payment of personnel, rent of office space, and miscellaneous expenditures. 

The officer-in-charge shall be directly responsible for the maintenance and oper- 
ation of his office. He is in immediate charge of all personnel assigned to the office, 

all general property and instrumental equipment, and all records and data transferred 

to him for processing, and is responsible for the care and upkeep of the quarters occupied. 
b. Additional officer personnel—When practicable, additional officers are tem- 

porarily assigned between field seasons—one officer from each of the survey ships, 

whose records are to be processed at the office, except the ship from which the officer- 

in-charge is transferred. 
The officer next junior in rank to the officer-in-charge acts as assistant to the 

officer-in-charge in the conduct of the Processing Office and is m charge during his 

absence. 
c. Civil service personnel.—Civil service personnel employed at the Processing 

Office are appointed by the Secretary of Commerce upon recommendation of the 
Director. They shall be employed, under supervision of the officer-in-charge, on 
drafting, computation, preparation of correspondence, reports, accounts, and other 

duties connected with the work of the offices, and will be responsible to the officer-in- 

charge for the efficient prosecution of the duties assigned. 

922. TRANSFER OF RECORDS 

Records of field work to be processed shall be transferred to a Processing Office by 
chiefs of field parties under authority from the Director. Receipt of the records should 
be acknowledged by the officer-in-charge on Form 413, Letter Transmitting Field 
Records, the original copy being forwarded to the Chief of Party concerned and a 
duplicate copy being forwarded to the Director. After receipt by the officer-in-charge, 
that officer shall be responsible for the safekeeping of the records until they are returned 

to the Chief of Party or forwarded to the Washington Office. 
Copies of letters transmitting records to the Washington Office shall be forwarded 

by the Processing Office to the Chief of Party who accomplished the field work. 
Chiefs of Party, whose surveys are to be processed, shall forward the records 

promptly during the season as the field work and the preliminary office work are 
completed, in order to establish and maintain a regular flow of work to the Processing 

Office. 
Likewise, surveys on which the office work has been completed at Processing Offices 

shall be forwarded promptly to the Washington Office, or to the Chief of Party con- 
cerned for his inspection, in order to maintain a steady and regular flow of sheets to the 
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Washington Office. The practice of retaining survey records, especially topographic 
survey sheets, long after they have been completed cannot be tolerated. 

923. PRELIMINARY OFFICE WorK BY FIELD PARTIES 

The function of a Processing Office is to complete such office work on the field 

records as the regular personnel of the survey party is not able to complete, owing to 
lack of time or personnel. In general, all preliminary work of a nature requiring 
special experience or special familiarity with the particular field operations shall be 

performed by the field party. Maximum efficiency will be obtamed if the work 
transferred to the Processing Office is of a general routine nature. To this end Chiefs 

of Party shall make every effort to complete at least the following office work before 
transmitting field records to a Processing Office. These requirements, however, 
should not be considered as preventing a Chief of Party from completing as much 
more of the office work as time and personnel permit. 

9231. Hydrographic Surveys 

a. Sounding Records.—The Sounding, Records shall be examined thoroughly to 
ensure that the record of the field work is clear and complete (see 3257 and 818). All 
corrections to soundings, such as tide reducers, velocity corrections to echo soundings, 

and corrections to compensate for an error in the apparatus, shall be entered and 

checked (see 822); but the soundings need not be reduced. 

b. Boat sheet—The boat sheet shall be examined thoroughly to ensure that it is 
complete, that all essential notations are clear and that nonessential notations have been 

deleted (see 3257). 
c. Bomb Records.—The velocity of sound for each R.A.R. distance shall be entered 

and checked. The R.A.R. distances need not be reduced to plotting distances. (See 
8311.) 

d. Buoy positions.—All traverses, astronomic sights, and other data to locate buoys 
shall be computed, adjusted, and checked, and a list of final buoy positions shall be 

furnished, except for buoys located solely by cuts, whose positions are to be determined 
by plotting on the smooth sheet. (See 832 and 8435.) 

e. Special reports —All reports on special subjects, such as echo soundings, velocity 
of sound, buoy control, Radio Acoustic Ranging, and taut-wire sun-azimuth traverses, 

shall be prepared. (See 832 and 833.) 

f. Miscellaneous.—Each survey shall be accompanied by notes for Descriptive 

Report (385), including statistics (8431), and a memorandum listing office work that 

has been done on the survey by the field party and the work remaining to be done at 
the Processing Office. In this memorandum attention should be directed to phases of 
the office work that are not of a routine nature, or in which special difficulty may be 
expected, and all available information should be included that may be of value in 

processing the records. 
9232. Topographic Surveys 

a. Inking.—The shoreline, station symbols, and all off-lying features shall be inked. 
Appropriate notations shall be added lightly in pencil to guide in inking any features 

that require special care, or to explain any features that might be misinterpreted. 
b. Descriptive Report.—The Descriptive Report shall be prepared and submitted in 

final form and approved. 
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9233. Triangulation 

The triangulation record books and triangle closures shall be checked, and prelim- 
inary lists of directions prepared and checked. A rough sketch of the scheme, com- 

plete and to scale, shall be furnished, supplemented by clarifying notes where necessary. 
Descriptions of stations and recovery notes shall be prepared, at least in pencil, making 
certain that all distances and directions to reference marks are included. 

9234. Tide and Current Records 

Unless otherwise instructed, chiefs of field parties shall forward all tidal data and 
records of current observations directly to the Washington Office. As tide reducers 

will ordinarily be entered in the Sounding Records and checked by the field parties, no 
tide records will be required by the Processing Office. 

9235. Miscellaneous Records 

A copy of the season’s progress sketch, ‘and the sheet layout if available, shall be 
furnished to the Processing Office. 

Miscellaneous data not having a direct relation to the hydrographic and topo- 
graphic surveys, such as magnetic observations and the like, should be processed by the 
field party and forwarded directly to the Washington Office. 

924. COMPLETION WorK BY PROCESSING OFFICES 

Field records will ordinarily be transferred to a Processing Office by chiefs of field 
parties after all preliminary work has been completed. The Processing Office shall 

continue the office work to the extent usually required of field parties before transmitting 
the records to the Washington Office. In general, work to be performed by the Pro- 
cessing Office will include the following steps. 

9241. Hydrographic Surveys 

(a) The reduction and checking of the soundings in the Sounding Records. 
(b) The construction and inking of smooth-sheet projections, and the plotting 

and inking of the control stations. 
(c) Plotting the positions of the soundings—the three-point fix and R.A.R. positions. 
(d) Penciling the soundings. . 
(e) Drawing the depth curves in pencil. 

(f) Lettering the geographic names in pencil. .. 
(g) The preparation of the title sheet (Form 537). 
(h) The completion and writing of the Descriptive Report. 

9242. Topographic Surveys 

(a) Inking the projection, inshore details, vegetation, and other details not 
already inked. 

(6) Lettering the geographic names in pencil. 
(c) The preparation of the title sheet (Form 537a). 
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9243. Triangulation 

(a) The preparation of typed copies of the lists of directions furnished by the 
field party. 

(b) The computation of triangles and positions. 
(c) The preparation of typed lists of geographic positions. 
(d) The preparation of a sketch of the scheme. 
(ce) The preparation of typed copies of the descriptions of stations and recovery 

notes, from notes furnished by the field party. 
(f) The preparation of a report on the triangulation. 

9244. Miscellaneous Work 

When specifically authorized by the Director, or when the officer-in-charge shall 
determine it to be practicable without interfering with the processing work of the 
office, boat-sheet projections may be prepared at the request of a Chief of Party. 

925. INSPECTION OF OFFICE WorK BY CHIEF OF FIELD PARTY ~ 

Completed hydrographic smooth sheets with their Descriptive Reports may be 
forwarded by the Processing Office to a Chief of Party for his inspection when so re- 
quested by that officer, or when the officer-in-charge of the Processing Office deems it 
advisable to call some questionable features to the attention of the Chief of Party. 
If further office work on a survey is considered desirable by the Chief of Party, the 
sheet and Descriptive Report shall be returned to the Processing Office. Otherwise, 

the sheet and Descriptive Report shall be forwarded to the Washington Office by the 
Chief of Party, and a copy of the transmitting letter shall be furnished to the Process- 

ing Office. When a sheet has been inspected and approved by the Chief of Party, 
he shall indicate this fact in the Descriptive Report (see 8437). 

926. Accounts, REPORTS, AND CORRESPONDENCE 

a. Accounts.—For Processing Offices at cities which are district headquarters, 

the District Supervisor shall make all disbursements. The accounts of the Processing 
Offices shall be kept separate, and a separate statement of allotment balances shall be 
submitted for the Processing Office. For other Processing Offices, and when specifi- 
cally so instructed by the Director, the officer-in-charge shall be bonded as a Chief of 
Party and as such, shall handle all accounts of his office in accordance with the Regu- 
lations and instructions from the Washington Office. 

b. Progress reports—Reports of progress on office work shall be submitted on 
the first of each month to the Washington Office, usmg Forms M—961, M—962, and 
M-963 in accordance with 8514 and the instructions at the bottom of each form. 
Duplicate copies of these forms shall be forwarded to the District Supervisor or the 
Commanding Officer under whose general supervision the office operates. 

c. Correspondence.—In all matters pertaining to personnel and the general work 
or policies of the Processing Office, the officer-in-charge shall correspond directly with 

and receive instructions from the Director. Copies of all such correspondence origi- 

nating at a Processing Office shall be forwarded to the District Supervisor or the Com- 
manding Officer supervising the office work on surveys. On matters pertaining to 
specific surveys and records, the officer-in-charge shall correspond directly with and 

receive instructions from the Chief of Party concerned, or with the officer who made the 
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survey. Ordinarily, copies of such correspondence need not be forwarded to the 

Washington Office nor to the District Supervisor. : 

93. HYDROGRAPHIC SURVEYS AT THE WASHINGTON OFFICE 

931. RECEIPT AND REGISTRY 

The Surveys Branch of the Division of Charts is the custodian of all hydrographic 
survey sheets and Descriptive Reports. All Sounding Records, Bomb Records, and 

miscellaneous hydrographic data are in the custody of the Library and Archives. 

All data from the field are received in the Library, where each item is checked 
against the transmitting letter (Form 413) and stamped with the Bureau property 
stamp. Receipt is acknowledged by the Chief Clerk of the Bureau. All the data are 
then forwarded to the Surveys Branch where each survey is assigned a registry number 

(1542) and is recorded in the register of surveys. This registry number is stamped on 
the hydrographic sheet, Descriptive Report, Sounding Records, Bomb Records, and all 
other miscellaneous records and reports pertaining to the survey. The Sounding 
Records, Bomb Records, and other miscellaneous data are then returned to the Library, 

where they are given accession numbers and are classified and recorded. 
The Sounding Records are then forwarded to the Division of Tides and Currents 

for verification of the tidal plane of reference (sounding datum) (see 9328). 
All hydrographic smooth sheets and original topographic survey sheets are stored 

in a fireproof vault conveniently located in the Surveys Branch. Adjacent to the vault, 
there is maintained a file of charts, known as diagrams, on which the limits of the sur- 

veys are outlined. Every survey ever made by the Bureau is indicated on these chart 

diagrams. This file of charts serves as an index by area of the surveys. 
As soon as a hydrographic survey is received by the Surveys Branch, its area is 

diagrammed on the proper chart diagram. 

At the time the survey is diagrammed, a check is made to see whether the data 

listed on the last page of the text of the Descriptive Report (842Z) have been received in 
the Office. A statistics sheet (8442) on which are listed the number of Sounding 

Records, Bomb Records, etc., is inserted in the Descriptive Report. The Descriptive 

Report is examined by the Chief of the Surveys Branch, the Immediate Attention 
Memorandum (Form M-238) is inserted, and the Descriptive Report is forwarded 
to other officials in the Office for immediate attention to any pertinent information 
contained therein. 

932. MISCELLANEOUS OPERATIONS 

9321. Verification of Geographic Names 

A complete set of nautical charts of late date is maintained in the Surveys Branch 
as a standard of geographic names. All names for which the U. S. Board on Geo- 

graphical Names (see 167) has rendered decisions are identified on these charts, and 

as other names are investigated in connection with the survey sheets they are approved 

on these standards for charting. 

A formanent and complete record of the investigation of the geographic names 

is maintained on Form A-712, filed by area. Each copy of the form is for the names 

in an area of 6 minutes of latitude by 6 minutes of longitude. Each named feature 
is identified by latitude and longitude, and the sources on which the name appears 

are listed, such as the surveys and charts of the Bureau by number, the Coast Pilots. 
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the Light Lists, and other federal surveys and maps. Decisions of the U. S. Board on 
Geographical Names are identified, and any alternate names found are listed. 

The geographic name list included in the Descriptive Report (see 8433) of each 

hydrographic survey is checked against the set of chart standards and all names on 
the list, whose spelling and application are exactly identical with the standard are at 

once approved for inking. All others are investigated before approval, use being 
made of the special report on geographic names submitted by the field party (see 163 
and 856); or they may have to be submitted to the U. S. Board on Geographical Names 
for decisions. 

9322. Title and Geographic Names Inked 

All names which have been approved on the geographic name list attached to 

the Descriptive Report, are inked in black on the smooth sheet by one person assigned 

to that work, using a mechanical lettering set. At the same time the title is inked 
on the hydrographic sheet, from information on the Title Sheet (8412), using a standard 

form and template. The result of this procedure is that the prominent lettering 

on all sheets is of equal quality and appearance. 
All names applied to hydrographic features are inked in slanting letters and those 

applied to topographic features in vertical letters. Sizes of lettering are determined 
by the relative importance of the features named. Where convenient, the names are 
placed on the sheet as they appear on the chart, except that names are kept out of 

the sounded area so far as possible. Any names which must be placed in the sounded 
area are left in pencil until after the soundings have been inked. All names are inked 
to be read from the south and as many as possible are lettered parallel to the lines of 
latitude. Those which cannot be lettered in a straight line are lettered along a com- 
pound curve—never a reverse curve. (See also 787.) 

9323. Verification of the Sounding Datum 

On receipt of the Sounding Records from the Library, the Division of Tides and 

Currents checks the plane of reference for each tide station used in the reduction of 
soundings. If the survey party, in reducing the soundings, has used a preliminary 
plane of reference differing by more than 0.3 foot from the final adopted plane, a new 
reduction of the soundings is made. If the plane used is found to be correct within the 
defined limits, only a selected few of the reducers entered in each day’s work are checked. 
The reduction of the soundings is not ordinarily checked in the Office. 

Form 712, Tide Note for Hydrographic Sheet No_____- , 1s filled out and forwarded 
to the Surveys Branch for insertion in the Descriptive Report in place of the original 

tide note. (See 8432 and 844c.) 

To indicate that the plane of reference has been verified, an approval stamp is 

impressed on the inside of the back cover of each volume of the Sounding Records. 

933. VERIFICATION OF HYDROGRAPHIC SURVEYS 

After a hydrographic survey has been received at the Washington Office, has been 
registered, and the various steps mentioned in 932 have been completed, it is verified 

and the soundings are inked by a cartographer. 
The verification of a hydrographic survey consists of a thorough examination of 

the survey data as submitted from the field to ensure that all phases of the office work 
have been completed in accordance with chapter 7 of the Hydrographic Manual and 
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with any other specific instructions. Subsequently the soundings, bottom char- 
acteristics, and other details in the sounded area are inked and any deficiencies are 
supplied. 

It is imperative that there be no duplication of work by the verifiers and reviewers 
(see 934). The verifier’s duties are with the present hydrographic survey and its 
accompanying records, and with correlating it to other contemporary surveys—the 
hydrographic surveys with which it makes a junction and the contemporary topo- 
graphic or air photographic survey. When the verifier completes his work, the survey 
should be a complete and accurate record of all hydrographic information currently 
obtained in the area. The verifier must not consider the present survey in its relation 

to prior surveys in the same locality. That is the function of the reviewer (see 9343). 
However, any matters pertaining to the review that are noted during the verification 
should be called to the attention of the reviewer on Form M—996. 

While drafting of the quality found on charts is not required in inking hydrographic 
sheets there must be no sacrifice in accuracy of any important details on the sheet, nor 
in the legibility of the soundings (see 721). Soundings particularly should be unmis- 
takably legible and they should be inked in accordance with 773. Notes pertaining to 

hydrographic features should be in slanting letters and those pertaining to topographic 
features in vertical letters (see 781). 

A verifier should be thoroughly familiar with chapters 3 and 7 of this Manual, 
where the requirements for field work and for the preparation of the smooth sheet are 

given in detail. In his verification he is to be guided by the instructions in 9331 to 
9339 inclusive. No hydrographic smooth sheet is to be considered as verified until 

all requirements and instructions have been complied with insofar as practicable. 
The schedule of penciled and inked details in 792 may be used as a check list. 

9331. Boat Sheet and Records 

The Descriptive Report should always be consulted before any work is done on the 
sheet, as it frequently contains vital information. 

The boat sheet should be referred to constantly during the verification, particu- 

larly to check the accuracy of the protracting (see 767). The boat sheet often contains 

supplemental details and helpful notes, some of which, after being edited, should be 
inked on the smooth sheet (see 3212). 

The Sounding Records contain no data that are not essential to the complete and 
accurate plotting of the survey. Every miscellaneous entry in the Record, especially 

in the “Remarks” column should be noted and checked with colored pencil. In many 
cases the only information available regarding rocks awash, which are often of supreme 
importance, is found in the ‘‘Remarks” column. Always consult higher authority in 
cases where the required action is not entirely clear. (See 815.) 

The original entries in the Sounding Records are always made in black pencil. 
Amendments in colored pencil by the person who plotted the sheet should be considered 
as a guide by the verifier but, as they are often made months after the date of the field 
work, the verifier should use independent judgment as to whether the amendments are 
justified. More weight should be given to amendments made by a member of the 
survey party. 

The verifier should checkmark with colored pencil all positions that he verifies, 
using a different color from that found in the Records. He should use the same color 
for all notations that he makes in the Record. 

465382—44—_55 
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In general the verifier will not need to consult records such as dead-reckoning 
abstracts, astronomic data, and Bomb Records; or special reports on velocity of sound, 

Radio Acoustic Ranging, or taut-wire sun-azimuth traverses. 

9332. Protracting 

The metal protractor should be checked before beginning work and at intervals of 
a month or so thereafter (see 4533). 

In checking protracting, consideration should be given to the quality of work on 
sheets previously verified, which were plotted by the same person or under the direction 
of the same officer-in-charge. Where these have been found to be uniformly accurate 
and carefully done, the amount of checking should be held to a minimum. With 
no guide to the probable accuracy, the verifier should begin by verifying approximately 
10 percent of the positions and, after convincing himself that the general accuracy of 
the plotting is satisfactory, thereafter he should verify the protracting in the following 
cases only: 

(a) Where positions differ appreciably from the boat sheet (see 7671). 

(b) Where the depths at crossings or along closely adjacent parallel lines differ (see 7771). 

(c) Where there is reason to suspect, when inking the soundings, that a position has been 

erroneously plotted (see 774). 

(d) All detached positions serving to locate critical soundings, rocks, or buoys (see 766). 

(e) Positions that cannot be reconciled with the time interval or course in the Sounding Record. 

(f) Adjacent positions, where other checks fail to reveal the cause of an excessive difference in 

depths at a crossing of sounding lines. 

In all cases the boat sheet should be compared with the smooth sheet. If the 

survey is not so complicated as to make it impracticable, a tracing of the sounding lines 

on the smooth sheet may be made and superimposed on the boat sheet to reveal any 
differences in protracting of the two sheets that should be verified. 

Errors in plotted positions may be due to careless protracting or mistakes made by 

the person who plotted the smooth sheet, or they may be due to errors in the recorded 
data in the Sounding Record. 

A metal protractor out of adjustment will result in errors in positions. This type 

of error can be detected by the approximate uniformity of the errors. 
The three-point fix may be weak or almost indeterminate, as where the position 

lies on or near the circumference of the circle passing through the three stations (a 

revolver) (see 3332). 

Many of the errors which may occur in the recorded data are discussed in 3414, 

3416, 7624A, and 774. 

9333. Soundings and Bottom Characteristics 

The penciled soundings are to be considered as a guide only. Every sounding on 

the sheet shall be checked against the Sounding Record or the fathogram either at the 
time it is inked or afterwards. The cartographer must also pay particular heed to the 
spacing as indicated by the intervals between the recorded times of the soundings. 

The standard spacing dividers should always be used for this purpose. In spacing 

soundings the instructions in 7721 shall be followed. 

Special attention should be given to the placing of soundings around turns (see 
3454 and 7682), to variations in the speed of the vessel (see 3351, 3461, and 7721), and 
to variations in course between fixed positions (see 3352, 3463, and 7672). 
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The character of the inked soundings shall be in accordance with the instructions 

in 773. Soundings in fractions or decimals shall be in accordance with 7713 and 7714 

and shall be inked in accordance with 7734, but which fractional soundings are to be 
inked shall be decided at the time of verification. Minus soundings shall be inked 
in accordance with 7715 and 7735. Special attention must be paid to ensure that the 
least depth is plotted on all shoals and dangers, and in accordance with 7753. 

Where all recorded soundings cannot, or need not, be plotted, and where soundings 
are taken from fathograms, selection shall be made in accordance with 7725 and 7726. 

Where the soundings are from fathograms or where some of the soundings recorded in 
the Sounding Records are omitted in the inking, a notation should be included in the 
title on the sheet. 

a. Hrroneous soundings —These may be due to errors in the recorded depths, errors 
in reducing the soundings, or the soundings may not be in their true positions. Owing 

to the fact that there is little opportunity to check the various field operations as they 
are performed, the verifier of the smooth sheet must watch for all abnormal soundings 
which may constitute errors. Examples are: depth curves out of harmony with others 

in the locality; bad crossings; shoal soundings where none should be expected; deep 
soundings in shoal areas. 

The various causes of errors in recorded soundings are discussed in 774. The re- 
duction of all suspicious soundings should be checked. Soundings taken with an inclined 
leadline or wire are always too deep (see 3464). 

Discrepancies between the soundings of overlapping surveys, or where the area 

is distant from the tide gage, may be due to erroneous tidal planes. Such cases should 
be referred to the Division of Tides and Currents for re-examination. (See also 825.) 

b. Bottom characteristics —Bottom characteristics shall always be inked, but it is 
not always necessary to ink all that are recorded, and a judicious selection is required. 
The bottom characteristics of outstanding shoals should always be shown. Where echo 
sounding has been used, it may be necessary to carry bottom characteristics forward 
from prior surveys (see 3842). The symbols of part “‘O”’ of the Symbols and Abbrevia- 

tions chart (fig. 189) shall be used, and shown in accordance with 3843 and 783. 

9334. Topography, Rocks, and Shoal Areas 

The shoreline should always be shown on inshore surveys. _ It is desirable, although 
not essential, to have the shoreline on offshore surveys. (See 751.) Shoreline revised 

by the hydrographer or originating with the hydrographic survey should be inked in 
accordance with 753. 

Contemporary topographic surveys are the source of the shoreline, most of the 
control stations, and many of the rocks on hydrographic sheets. They should be ex- 
amined for rocks, especially rocks awash, which may have been omitted or transferred 
in error. Such of these as appear authentic should be placed on the sheet. The 

topographic surveys are also the source for the low-water line where the hydrographic 

survey fails to define it with zero soundings. The air photographic surveys should 

also be examined when drawing low-water lines. The low-water line shall be inked 
in accordance with 754. 

Shoal areas that are covered at low water but that have not been sounded should 
be outlined with a black dash line and appropriately marked. These occur infre- 
quently. 
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a. Symbolization of rocks.—Rocks shall be symbolized on hydrographic sheets in 
accordance with 7823, reefs and ledges in accordance with 7824, and other rocky areas 

in accordance with 7826, and the elevations and notes accompanying them shall be 

according to 7825. Adjustments between topographic and hydrographic data shall 
be made in accordance with 7827. 

Without exception, where a sounding, surrounded by deeper water, reduces to 
zero and the notation in the Records is “rky”’ or “‘on rock,”’ the rock awash symbol (*) 
shall be used (see 7823b). For emphasis, a rock constituting a menace to navigation 
may be symbolized by the rock awash symbol and accompanied by the notation ‘awash 
at extreme low tides’’, even though not in accordance with 7823. | 

The correct notation for a rocky bottom is ‘rky”’. Where the notation ‘““Rk”’ or 
“Rock,” has been used in the Sounding Record, it should be interpreted as meaning 
“rky”’, unless the surrounding depths are much greater than the sounding in question 

or a special explanation is placed in the ‘““Remarks”’ column, in which case “Rk” is to 
be appended to the sounding. 

Where a cluster of rocks awash is contiguous to the shoreline and descriptive notes 
are given for each rock, only those notes shall be inked that give the elevations of the 
outermost rock and of the highest rock. Where the reef is a detached one, consisting of 

numerous detached rocks, or is continuous in character, the highest rock or point of 

the reef should be described as well as such other rocks or points as the importance and 
extent of the feature justify. 

The range of tide given in the report of the Division of Tides and Currents shall 
be examined before being used to determine the heights of rocks, to make certain that 
it is based on MHW (and not on MHHW). 

9335. Adjoining Surveys 

Where two surveys join or overlap, the soundings at the junction shall be trans- 
ferred frorh one of the hydrographic sheets to the other. The purposes of the transfer 

are: (a) To permit a comparison to be made between the depths at the junctions. 
Where different methods, such as echo sounding and leadline sounding or three-point 
sextant fixes and R.A.R. control, are used on two adjoining surveys, a defect in one of 
the methods is strikingly disclosed from a study of the overlap. It also permits a 
junction of the depth curves on the two surveys. (6) To insure that no holidays have 
been left in the hydrography at the junctions. (¢) To simplify chart construction. 

In effecting the transfers, the following practices shall be followed: 

In general, overlap shall be transferred from the smaller scale to the larger scale (e.g., from 

1:40,000 to 1:20,000). This usually means the transfer of fewer soundings. 

In changeable areas, only hydrography from surveys of the same, the following, or the preceding 

year, shall be transferred. 

In unchangeable areas, contemporary surveys should always be transferred. Where there is no 

contemporary survey, hydrography from prior surveys shall not be transferred except where the new 

survey is a resumption of a previous project, or where the project instructions specify that a 

satisfactory junction shall be made with a prior survey. In such cases the latest survey should show 

whether such junction has been effected. 

Soundings on a sheet must not be obscured by soundings transferred from an adjoining sheet. 

If a transferred sounding falls too close to a sounding already on the sheet, omit the former unless it 

is an important shoal sounding, in which case it should be shown and the less important sounding 
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omitted. In general the cartographer should be guided in omitting overlapping soundings by the 

same rules as when inking soundings on coinciding or closely spaced adjacent lines. 

Do not transfer bottom characteristics from an overlapping sheet, unless the latter is to be super- 

seded. 
Where comparative soundings occur within the overlapping area, transfer only one of each pair 

of soundings. It is immaterial which one is transferred, but if it is the vertical cast, omit the letters 
SOW OF 

Transferred soundings should always be in color. Red, blue, and green are the preferred colors. 

It is permissible to use the same color for overlaps from two different sheets provided the sheets are 

not contiguous. For example, red can be used for overlap at the top and bottom of a sheet. 

The notation “JOINS H-—__-_’’ should always be placed just outside the limits of the hydrography 

and in the same color as the transferred soundings. A similar notation should be placed on the sheet 

from which the overlap was taken. Where adjoining surveys have been registered but not verified, 

such notations should be made in pencil. ‘These notations should be made with the Leroy lettering 

set, using No. 100 template (slanting letters). 
Soundings from overlapping sheets are to be shown only to just outside of the limiting line of 

soundings on the principal sheet. Where no actual overlap exists between the two sheets, only the 

nearest line of soundings need be transferred. 

Where the scales of the two adjoining sheets are the same, soundings are to be transferred by the 

tracing-paper method. Where the scales are different and the lines regular, proportional dividers, or 

a projector, should be used for making the transfer. The ends of straight portions of lines can be 

transferred by proportional dividers and intermediate soundings filled in with the spacing dividers 

either from the sheet proper or from the Sounding Records. Where the lines are irregular a projector 

shall be used, or a photostat of that portion of the sheet should be made to the desired scale and the 

soundings transferred by the tracing-paper method. 

Where an enlargement of more than twice needs to be made, the overlapping soundings should be 

plotted directly on the sheet if the control is available. Otherwise the enlargement should be made 

by projector, by photography, or by proportional dividers, whichever is more economic, great care 

being taken in such cases when using the latter method. 

Wherever overlap is transferred, the curves on the two sheets should be made identical in the 

overlap. 

Where a sheet is surrounded by a number of sheets, always show all overlaps on one sheet, where 

possible to do so. Where the scale is the same on overlapping sheets the overlap should be placed on 

the inshore sheet. 

9336. Depth Curves 

The depth curves shall be drawn lightly in pencil by ‘he verifier in accordance with 
7762 and, after they have been approved, they shall be inked in the standard colors given 
in table 27 in accordance with 7763. In general, all applicable curves given in the table 

shall be inked, except those marked ‘“omit,’’ which are only to be used where needed 
to delineate submarine relief that might otherwise be overlooked. All curves not 

inked shall be erased. (See also 93420.) 

9337. Confidential Sheets and Records 

Survey sheets and records of a confidential nature are plainly stamped ‘‘Confiden- 
tial’? when they are received at the Washington Office. They are kept in locked com- 
partments in the vault in the Division of Charts and are removed therefrom only on 

approval of the Chief or Assistant Chief of the Division of Charts. They must be 

replaced in the locked compartments each evening before the close of the day’s work. 
Insofar as practicable any work requiring their use shall be completed within one 

working day. 
Confidential sheets and records are to be reproduced only as approved by the Chief 

or Assistant Chief of the Division of Charts. Negatives made in reproduction shall be 
destroyed immediately afterward. Reproduction copies sent out of the Office are to 
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be dispatched either by registered mail or by special messenger (see 125). The file copy 
of the transmitting letter shall state the method of forwarding. 

9338. Miscellaneous 

All aids to navigation should appear on the hydrographic sheet. The cartog- 
rapher should see that all located by triangulation or topography or appearing on 
contemporary hydrographic or wire-drag surveys are plotted or transferred. 

The cartographer verifying the survey should supply such deficiencies as can be 

done in the Office. Certain steps in the construction and field plotting of smooth sheets 
are required to be checked (see 746). If there is no evidence that this has been done in 
the field, it shall be done by the verifier. 

The instructions of the Hydrographic Manual specify that corrections for reducing 
soundings shall be entered to closer limits under certain conditions (see 8143 and 822) 
and the verifier shall verify that this requirement has been complied with. 

Pencil notations and temporary marks of all kinds, except place names, on regis- 

tered hydrographic and topographic survey sheets, must be removed by the cartogra- 
pher before the sheet leaves his custody. ‘Temporary notations are necessary in some 
phases of the verification and review of a survey, but these must be removed before the 
sheet is returned to the files. If a temporary record is necessary, such record should 
be made as a note on an attached sheet of paper or on a tracing of a section of the sheet. 
Although the registered air photographic survey is a photolithographic copy, it is the 
registered copy and should be treated with the same care as other original sheets. 
Copies of these, printed on chart paper, may be obtained from the Distribution Branch, 
on which any required notations may be made. 

9339. Written Report 

The verifier shall prepare a critical report on the survey, using Form 1-996, Veri- 
fier’s Report of Hydrographic Survey No. H-—. . . ,for this purpose. This form provides 
a check list to ensvre that the verifier omits no phase of his work, and provides space 

for comments as to the quality of the field work and office work on the survey, and space 
for‘calling the reviewer’s attention to any facts about which he should be informed. 

All written references to registered hydrographic or topographic surveys shall in- 
clude the year of the survey in addition to the registry number, thus: H—3574 (1907). 

(See 1543.) 

The written report is primarily for the use of the reviewer. Such comments as he 
believes are of permanent value shall be included in the written review, after which the 
verifier’s report is removed from the Descriptive Report. 

The Office statistics shall be prepared on Form M-1683-1 and added to the De- 
scriptive Report. This includes the names of the verifier and reviewer, the time spent 

by each in his verification and review, and indicates by certain statistics the amount of 

revision that had to be made to the sheet during verification. (See 844.) 

934. REVIEW OF HypROGRAPHIC SURVEYS 

The purpose of verification is to verify certain phases of the office work done on 

hydrographic survey sheets in the field or at a Processing Office and to correlate con- 

temporary survey records of the Coast and Geodetic Survey and ink the sheet as a 

complete contemporary record. 
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The purpose of the review is to extend this correlation into the past and more 
broadly into the present and future, and generally to consider the survey in its broader 

aspects insofar as its application to the charts is concerned. The survey is compared 
with every prior survey (hydrographic, topographic, and wire-drag) made by the 

Bureau covering the same area, and with charted data that have originated from 
other sources. 

The aim of the review is to make the survey complete with reference to all infor- 

mation on prior survey sheets, so that it is unnecessary for the chart compiler to 

consult any prior surveys of the area covered, except as specifically mentioned in the 
written review. 

The reviewer must be intimately familiar with conditions in different regions, 

and not only with present-day standards of accuracy and methods of surveying, but 
also with those of prior periods. 

9341. Records, Reports, and Instructions 

Before beginning the review of a hydrographic survey, the reviewer should familiar- 

ize himself with the survey, the methods of field work used, the characteristics of the 

area, and the preceding office work. For this purpose he should first familiarize himself 
with the largest-scale chart of the area, and then read the following to see whether 
they contain data or information that might affect the general treatment of the sheet: 

(a) The project instructions (see 121 and 842A). 

(b) The Descriptive Report (see section 84). 

(c) The verifier’s report (see 9339). 

(d) Special reports intimately connected with the survey (see 842Z). 

9342. Inspection of the Work of the Verifier 

The reviewer should inspect generally the various phases of the office work done 

by the verifier, checking anything important that has not previously been checked, 
and examining critically any changes that the verifier may have made to ensure 

that they are justified. He should call to the verifier’s attention any errors or de- 
ficiencies in the latter’s work, and have the errors corrected and the deficiencies 

supplied. Particular attention should be given to the following: 

a. Differences of depths at crossings——The reviewer shall inspect the sheet for excessive differences 

at crossings that have not already been noted. Any found shall be investigated with a view to 
rectifying them and ascertaining the probable causes. (See 7771 and 842K.) 

b. Depth curves.—The sheet should be examined for omitted depth curves or unnatural convo- 

lutions with a view to remedying them. In coastal waters and inside waters, where the bottom 

is generally flat or regular, intermediate curves of 3, 24, and 36 feet should sometimes be inked to 

emphasize features that would otherwise be unnoticed. In offshore coastal waters beyond the 20- 

fathom curve the standard curves shall always be inked (see table 27). Any nonstandard curves 

shall be inked in brown. (See also 7762 and 7763.) 

c. Junctions.—The reviewer should examine individually the various junctions with contemporary 

surveys and see that the soundings have been correctly transferred and verified, depth curves adjusted 

and inked, and proper junction notes made on the respective sheets. 
Surveys that are not contemporary but with which the project instructions specify that a junc- 

tion shall be made, are to be similarly treated. Where the instructions require a junction with sur- 

veys of the United States Corps of Engineers, such junctions are to be examined for adequacy (see 

9348D), but the soundings should not be transferred. 

d. Adjustments of topographic and hydrographic data.—Conflicts between contemporary topo- 

graphic and hydrographic surveys should, of course, be adjusted by the field parties before the sur- 
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veys are forwarded to the Office (see 381 and 7827). Those conflicts which are still found to exist 
should be adjusted in accordance with 7827. 

The reviewer may, with discretion, alter the symbol of a rock or change the amount it bares on 

a topographie sheet to bring it into agreement with a contemporary hydrographic sheet without 

an accompanying notation. But he should not change the character of a rock on a topographic 

survey, if the difference is consistent with the stage of tide at the time of the survey; an explanatory 

note should be added to the review of the topographic survey. 

The smooth sheet should contain all information on the boat sheet when it is forwarded to 

the Office (see 7912). Rocks and other hydrographic data inked on the boat sheet but not found 

on the smooth sheet and having no other authority should usually be referred to the field party for 

disposition, but where a satisfactory disposition cannot be made in this manner, they should, with 

discretion, be transferred to the smooth sheet. 

e. Datum note-—The reviewer should check the correct application of the horizontal datum 

note in Stamp No. 42 on the smooth sheet. 

Where the dms. and dps. of the reference station are found to agree with the values resulting 

from adjusted office computations, the word “adjusted” should be added, and if they are from field 

computations, the word ‘“‘unadjusted”’ should be added. R.A.R. stations or buoys cited as reference 

stations should always be marked ‘‘unadjusted.”’ 

9343. Comparison With Prior Surveys 

This is one of the most important phases of the review. Its purpose is to make 

certain that the survey being reviewed is adequate to supersede the prior surveys, 

and to carry forward to the new survey in colored ink any important data not verified 
nor disproved by the new survey. After review it should be unnecessary for the 

chart compiler to consult prior surveys of an area covered by a modern survey, except 
as specifically mentioned in the written review. 

Comprehensive evaluation of the material requires, among other considerations, 
that the reviewer utilize his knowledge of the accuracy and limitations of both modern 
and obsolete methods of surveying. Each prior survey must be individually com- 
pared with the present survey. 

Important shoals and rocks on prior surveys should be considered separately with 
respect to the general character of the bottom, and where not reasonably verified in 

position or depth by the new survey, their correctness should be verified by reference 

to the original Sounding Records, with special regard to the type of sounding, reduc- 
tion, plotting, and character of control. If found correct, the advisability of carrying 
them forward on the new survey should be considered. Errors found on a prior hydro- 
graphic or topographic survey, during the course of the review, should not be corrected, 
but the correct information should be indicated on the old sheet in red ink with a brief 
explanatory note. (See also 9344.) 

a. Wire-drag surveys.—Except where shoaler depths have been found by the new 
survey, all soundings and groundings on wire-drag surveys shall be carried forward in 
color on the new survey (see 7866). 

9344. Treatment of Rocks From Prior Surveys 

It will frequently be found that rocks shown on a prior survey have not been veri- 
fied by the new survey or have been located in a slightly different position, or are of a 
somewhat different character. In the disposition of such cases all available information 
should be consulted and the following rules should be followed: 

(a) Rocks shown on a prior hydrographic survey that are not authenticated in the Sounding 

Records or confirmed by other surveys should be considered as nonexistent and appropriately marked. 
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(b) Where the position of what is presumably the same rock differs on the new and the prior 

survey, the new position should be accepted as correct. 

(c) Where an adequate examination, made by the new hydrographic or topographic survey in the 

vicinity of a rock or rocks, fails to disclose the existence as shown on the prior survey, the recom- 

mendation made by the hydrographer regarding its disposition, should be followed (see 8421). 

General statements in a Descriptive Report, particularly of a topographic survey, that certain rocks 

on old surveys could not be found should be accepted only as proof that such rocks are not bare rocks. 

They should be transferred either as rocks awash or as sunken rocks, depending on the circumstances 

in each particular case. 

(d) Rocks originating with a prior topographic survey and not disproved, that are to be carried 

forward should be shown in color on both the new topographic and the new hydrographic survey. 

Rocks that are to be carried forward from a prior hydrographic survey should be shown on the new 

hydrographic survey only. 

(e) Bare rocks on a prior topographic or hydrographic survey, that are not shown or disproved 

on the new hydrographic or topographic survey should be carried forward as rocks awash. 

(f) Rocks awash on a prior survey that are shown as sunken rocks on the new survey should be 

considered as rocks awash unless there is information on the new survey to show that the rock was 

not visible at low tide. In such cases the rock awash symbol should be shown in black ink on the 

new hydrographic survey and a note made in the Sounding Record. 

(g) Sunken rocks on prior surveys, if not disproved by the new survey, should be carried forward 

as such. 

(h) In general, the delineation inside the low-water line should be accepted as correct on the new 

survey, except that isolated rocks awash shown on a prior topographic survey, that are not located or 

disproved on the new survey, should be carried forward in color. 

9345. Comparison With the Chart 

A comparison should be made with the largest-scale chart of the area, using one 
with the most recent print date (1127), for matters not already considered. 

a. Hydrography.—Most of the charted data will already have been considered in 
the comparison with prior surveys. Attention need be given only to those data trace- 
able to chart letters, field examinations, U. S. Coast Guard and U. 8. Hydrographic . 

Office Notices to Mariners, U. S. Corps of Engineers blueprints, or other sources. In 
general, comparison with surveys of other organizations should be restricted to charted 

information only. Only in exceptional cases is information from such sources actually 
carried forward on the new survey. 

b. Controlling depths —The controlling depth notes, which are charted in channels 
in which no soundings are charted, should be compared with the new survey. These 

notes appear in the form ‘'24 feet June 1941”. The notes are usually based on data 
furnished by the United States Corps of Engineers. It should be borne in mind that 
the notes are frequently based on data subsequent to the date of the survey and there- 

fore supersede the survey information. 
c. Aids to navigation.—The aids on the new survey should be compared with those 

on the latest aid proof, to see whether the positions and characteristics are substantially 
the same. They should be examined to see whether they satisfactorily mark the 
features or serve the purpose for which they are intended. 

9346. Descriptive Report 

As the review progresses, each statement in the Descriptive Report and in the 
verifier’s report should be considered and each paragraph should be checkmarked in 
red ink when disposed of. Where additional evidence has altered positive statements in 

the Descriptive Report, a marginal notation citing the disposition and authority 
should be lettered in red ink. Notations made in the Descriptive Report or the written 

465382—44—_56 
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review, after the review has been signed, must be initialed and dated. If these notations, 
or any alterations made on the smooth sheet, are of sufficient importance to affect 
charting and the survey has been applied to the chart, special notification must be made 
to the Nautical Chart Branch. 

9347. Matters Left in Abeyance 

It is not always possible to dispose of all matters at the time a review is made, as 
for example, where an item must be referred to the field party for a recommendation. A 
book entitled ‘‘Matters to be Disposed of”’ is kept in the Surveys Branch, in which must 
be entered all matters left open on reviewed surveys which require some positive future 
action. All entries must be clear and explicit, and be in sufficient detail to make the 
meaning obvious without further study. Such entries should always be headed by the 
registry numbers of the affected surveys, diagram number, initials of the reviewer, and 
date. Each reviewer shall be responsible for following up and disposing of his own 

entries. 
» 9348. Written Report 

The main purpose of the written review of a hydrographic survey is to state briefly 
and concisely, as a matter of permanent record, the pertinent facts relating to the sur- 

vey. The review should serve as a guide to the chart compiler and as a basis for instruc- 
tions for future additional field work. It should embody such important parts of the 
verifier’s criticism as are found justified and should be made a matter of record, and 

should consider the broader phases of the survey, such as: 

(a) The adequacy and sufficiency of the results of the field operations, for charting 

or other purposes. 

(b) The results of comparative studies of old and new surveys to determine whether 

inconsistencies are the result of inaccuracies, or changes of artificial or natural origin. 

(c) The investigation of charted shoals and other dangers to navigation in the light 

of the new survey for the purpose of determining which can be superseded and which 
should be retained. 

(d) Suggestions for improvements in field and office methods, based on the 

reviewer’s broad experience with many types of surveys. 
Based on the review made, the written report should follow as closely as practicable 

the following outline: 

A. Shoreline and signals.—The origin of the shoreline and off-lying topographic 
features and of the positions of the control stations shall be given. A cross-reference 

will be sufficient, where this information is included in the Descriptive Report (see 842F 
and @). 

B. Differences of depths at crossings.—Include the result of 9342a. 
C. Depth curves.—Include a statement as to the completeness with which the 

depth curves could be drawn, bearing in mind that it is sometimes impracticable in the 
interests of safety to run sounding lines sufficiently close to shore in rocky areas to permit 

delineation of all the inshore curves. 
D. Junctions.—Include a statement as to the adequacy of the junctions (see 

9342c). Important discrepancies that cannot be reconciled should be commented on, 

including probable causes. 
E. Comparison with prior surveys.—State the results of 9343. Prior surveys may 

be discussed singly-or by groups depending on their character and, where possible, should 
be listed in chronological order. 
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After a brief digest of the comparative findings, conclude with a definite statement 

as to whether the prior survey is superseded or should be used to supplement the new 
survey. In some cases it may be advisable to recommend retention of bottom 
characteristics from the old survey. 

List wire-drag surveys under a subhead and state whether the new survey depths 
are in harmony with the effective drag depths and whether any conflicts noted should 
be investigated. Wire-drag surveys are never to be superseded by ordinary hydro- 

eraphic surveys. 

F. Comparison with chart.—Give number and print date of chart (see 1127) with 
which comparison was made, and the results of the comparison (see 9345), under the 

following subheads: 

a. Hydrography.—Include the results of 9345a. It may be advisable in some cases to recommend 

the retention of such information on the charts. This paragraph, when miscellaneous matters are 

considered, shall be concluded with a brief digest of the findings and a definite recommendation for 

retention or discontinuance of the items considered. 
b. Controlling depths.—Include the results of 9345b. A brief statement that the present survey 

depths are in agreement or in conflict with the charted information will usually suffice. 

c. Aids to navigation.—Give the results of 9345c. Where the new survey discloses that an aid 

in its official position is a menace rather than an aid to navigation, or a new unmarked danger is noted, 

a definite recommendation should be made. 

G. Condition of survey.—Under the subheads (a) field work, (6) Sounding Records; 
(c) Descriptive Report, and (d) field plotting, state briefly whether the condition 
is satisfactory. Cases where the procedure is definitely wrong or fails to comply with 
the requirements of the Hydrographic Manual should be specifically mentioned. But it 

must be borne in mind that the Manual is infrequently supplemented or modified by 
Field and Office Memorandums, and that improvements in survey methods frequently 
result in procedures differing from those described in the Manual. The important parts 
of the verifier’s criticism that are found justified and should be called to the attention 
of the hydrographer, should be included. 

H. Compliance uith the project instructions —A brief statement that compliance 
with the instructions is satisfactory is usually the only comment required. 

I. Additional field work recommended.—A brief statement that the survey is com- 
plete or satisfactory will apply to most surveys. Where further work is desirable, it 
will usually consist of examination of shoal indications, disposal of discrepancies, further 
development of outstanding oceanographic features, or elimination of holidays. 

J. Miscellaneous.— Under this heading include only matters that cannot be covered 
under one of the other headings. If only one topic is included, the paragraph should 
have an appropriate heading. 

K. Superseded surveys.—This paragraph is purely statistical. List all superseded 

surveys (wire-drag surveys excepted), accompanying each with a notation as to whether 
it is superseded “entirely” or “in part.”’ 

9349. Inspection of Hydrographic Survey 

After the hydrographic survey has been reviewed, it is critically inspected by the 
Assistant Chief of the Surveys Branch. The purpose of the inspection is to gain an 

over-all picture of the survey with regard to coverage, delineation of depth curves, and 
critical depths. The written review is examined to see that all pertinent facts have been 
adequately and clearly presented; particular attention being paid to the recommenda- 
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tions of the reviewer regarding the disposition of rocks and shoals from prior surveys 
and of charted information originating with other sources. 

935. APPROVAL BY ADMINISTRATIVE OFFICERS 

After the hydrographic survey has been verified, reviewed, and inspected, the com- 

pleted sheet, the Descriptive Report, and the written review are examined thoroughly 
and read carefully and approved by four administrative officers in the Washington 
Office, who are charged with the prosecution of the field work and with the application 
of the results to the charts. Before its final approval the written review may be 
amended or supplemented. 

After approval a copy of the written review is forwarded to the Chief of Party under 
whose direction the field work was accomplished, and he is requested to forward it 

to the hydrographer who was in immediate charge of the work, if the latter is no longer 
attached to his party. A copy of the written review of a survey on which office work 
was done at a Processing Office is also forwarded to the officer-in-charge of that office. 
This serves to call to the attention of those responsible any shortcomings in the field 

or office work and sets standards for future work of like character. 

94. COMPUTATION OF BUOY POSITIONS 

Positions of buoys should be computed as soon as possible after the field observae 

tions have been completed. Buoys are left at their stations only as long as they are 
needed for control of the hydrographic survey, so the computations should be made 
and the positions adjusted without delay in order to discover any deficiency in the 
observations which should be remedied before the buoys are removed. When many 

buoy stations are being located, as at the beginning of a field season or in extensive 
traverses, one or two persons should be assigned to this duty of computing and check- 

ing the computations. This assures the availability of the positions for use on the 
boat sheet in a short time without overtime work by personnel with other regular 

duties. 
The observations should be recorded and the computations made on regular forms, 

preserved in three-ring binders made to take letter-size paper (8 by 10% inches). 
Where there are many buoy stations it will be convenient to use three or four binders 

to segregate the records, as follows: (a) Buoy Data Book, (6) azimuths, (c) traverse 

computations, and (d) computations of tie-in buoys. 
Of the four, the ‘Buoy Data Book” is the most important. It should be on the 

ship’s bridge at all times during a buoy-control survey. In it should be kept all records 
of buoys anchored at, and removed from, stations, and all records of distance measure- 

ments. It should contain the complete record to date, and blank forms for future use, 
as follows: 

Form 714, Abstract of Buoys Planted. 

Form 777, Taut-wire Traverse Observations. 

Form 7138, Buoy to Buoy Distances by Bomb, 

Form 715, Abstract of Bombed Distances. 

The second binder should contain the azimuth data, including Form 718, Abstract 
of Buoy to Buoy Azimuths, and Form 720, Azimuth by Inclined Angles. 

Where a buoy traverse is computed by using geographic positions, these computa- 
tions are made on Form 27, Position Computation, Third-Order Triangulation, and 

these should be kept in a third binder. 
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Where there are buoy positions computed from observations to shore stations, it 
is advisable to use a fourth binder for these computations. 

Where the total of the buoy positions is small, all of the above forms and computa- 
tions can be conveniently kept in one binder. 

Neither the observations nor the computations of a buoy traverse are self-checking, 
as are triangulation observations and computations. The accuracy of a buoy traverse 

is only known from its closure error, and frequently much surveying is done using buoy 

stations of a traverse before it is finally closed and this error is known. In order to 

ensure that errors are not made in the computations, every step must be checked, and 

duplicate position computations should be made for the geographic positions (see 9441). 

Particular care should be given to the verification of traverse adjustments (see 944). 

941. REDUCTION OF SUN-AZIMUTH OBSERVATIONS 

The azimuths of a buoy traverse are usually derived from inclined angles measured 
between the sun and two buoys in range. The sun’s altitude above the visible sea hori- 
zon must be measured simultaneously with each inclined angle. The inclined angle 
must be measured to the horizon in line with the buoys and not to some point on the 
superstructure of a buoy which is above or below the visible sea horizon. 

The fundamental formula for the reduction of an inclined angle to the horizontal is: 

in which Ais the approximate horizontal angle, 7 is the observed inclined angle, and h 
is the observed altitude of the sun. This is the first formula given in 3338. 

For precise results such as are needed in buoy traverses a small correction known 
as the dip correction must be applied to each horizontal angle computed from the above 
formula. Buoy-traverse azimuths are computed on Form 720, Azimuth by Inclined 
Angle. The dip correction to be applied is explained on the back of this form and a 
eraph is included to assist in the derivation of the correction. 

Occasionally, it is necessary to determine the azimuth between a buoy and an ele- 
vated shore station beyond the visible sea horizon. An additional correction is required 
in such cases. Where the observed point on the shore station is above the visible 

sea horizon the correction, which is always positive, may be found from the following 
formula: 

h’ tan h 
correction (in minutes) =—— _—___—_—_— 

sin A (approximate) 

in which h’ is the measured angular height, in minutes, of the observed point above 
the visible horizon, and fh and A are as in the preceding formula. 

In the case of an elevated shore station, as described above, the corrected hori- 
zontal angle may also be obtained from the second formula given in 3338. 

942. Back AzimuTH CORRECTION 

The sun azimuths in a buoy traverse are observed in the direction which is most 

convenient, depending on the relation between the directions of the line of buoys and 
the sun. The traverse, however, may not be computed in this same direction and 
when it is not, it is necessary to determine back azimuths just as in geodetic com- 
putations. 
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The difference between a forward and back azimuth is designated Aa. Its value 
varies with latitude, azimuth, and the distance between buoys; its value is zero for 

north-south azimuths and a maximum for east-west azimuths. Aa in buoy traverses 
is identical with the same value in geodetic computations (see Form 27). Its approxi- 
mate value may be found with sufficient accuracy for use in computing buoy traverses 
by using the dead-reckoning positions of the buoys, the taut-wire distances between 
them, and the sun azimuth. The computation may be made on Form 27, using five- 
place logarithms. 

Where the back azimuth is needed, the observed azimuth should be corrected 

by Aa, as found above, and the resulting azimuth used in the position computations 
of the buoys, after which, with these more accurate data, a new value of Aa is deter- 

mined. If an appreciable difference is found, the geographic positions should be 
recomputed, using the azimuth corrected for the second value of Aa. 

943. Scope oF Buoy AncHOoR CABLE 

Survey buoys anchored with only one cable, as is usual in the Coast and Geodetic 
Survey (see 283), are free to swing around their anchors to various positions, depending 

on the direction and velocity of the current. The horizontal distance between the 
buoy and its anchor is called the scope. 

The scope varies with the length and weight of the anchor cable, the type of buoy 
structure, the depth of water, and the method of anchoring (see 2836), as well as with 
the velocity of current. Scope is difficult to determine accurately because of the many 
variable factors; and accurate experiments have not been made, on which to base 

empirical formulas. Where scope is appreciable, an allowance should be made for 
it in buoy computations and even where their positions are determined graphically. 

Scope should be determined and allowed for in a standard manner. Where 
buoys are anchored with the cable recommended in 2832, the following formulas have 
been found to give approximate scope with sufficient accuracy for various estimated 
current velocities, and for galvanized wire rope and chain. 

In a weak current S=1.8288(L—D). 

In a moderate current S=1.3716(L— D) + 0.4072 L?— D?. 
In a strong current S=0.9144(L—D+-+JL?—D? ). 

in which S is the scope (in meters), D is the depth of water (in fathoms), and L is the 

total length of anchor cable (in fathoms). 
Where a relieving buoy is used, the horizontal distance (in meters) between the 

relieving buoy and the buoy structure must be added to the resulting S values. The 
length Z must be reduced where the anchor cable is found to be fouled on the anchor, 
or where its effective length is reduced from any cause. 

Provision may be made to measure the approximate scope, by anchoring a small 

marker buoy to the anchor of the survey buoy by a light line. The length of this 
line should only slightly exceed the depth of water plus the range of tide. The scope 
can then be derived from simultaneous depression angles measured to the two buoys 

when in range. 

9431. Correction of Distance for Scope 

If the velocity and direction of the current at each buoy station are estimated 
at the time the distances are measured by taut wire, the measured distances may be 
corrected for scope to obtain distances between the buoy anchors. The scope can be 

computed as explained in 943. For the computation, the azimuth between two buoy 



Pace 863 MISCELLANEOUS 9432 

anchors may be assumed to be the same as the azimuth between the respective buoys, 
and the lead of the anchor cable may be assumed to be the same as the direction of the 
current. Let the difference between the latter and the azimuth of the buoys be angle A. 
Then the scope multiplied by cosine A is the correction for distance and the scope mul- 

tiplied by sine A is the eccentric distance normal to the line between buoys. The first 
value is used to correct measured distances to distances between buoy anchors; the 
second is used in correcting observed azimuths to azimuths between buoy anchors 

(see 9432). 
Care must be taken to apply the correction for distance with the proper sign. It 

is advisable to make a sketch of the line of buoys, showing the relative direction of the 
current at each buoy, for use as a guide in applying the corrections. 

9432. Correction of Azimuth for Scope 

If the scale of the survey or the desired accuracy warrants it, the azimuths ob- 
served between buoy structures may be reduced to azimuths between their anchors 
by applying corrections for eccentricity. The scope is found as in 943 and reduced to 

a distance normal to the line between buoys as in 9431. The eccentric correction is 
based on the relative positions of the two buoys and their respective anchors, bearing 

in mind that the measured distance and azimuth are between buoy structures. The 
eccentric correction for azimuth may be found from the following relation: 

eccentric distance normal to line of buoys 
tan a= : 

distance between buoys 

in which a is the small angular correction to azimuth, and the two distances are in the 

same units of length. 
If the two eccentric distances normal to the line of buoys are combined, by addi- 

tion if in opposite directions and by subtraction if in the same direction, only one com- 
putation is required to find the angle a. 

If logarithms are not used in the formula, the result will be the natural tangent of 
a, which may be divided by 0.00029 (the natural tangent of 1 minute) to find the value 
of ain minutes. Using natural functions, the entire computation may be made with 

sufficient accuracy on a slide rule. 

944. Buoy TRAVERSE 

Buoy traverses are essentially the same as random traverses on land, except that 

the azimuths of the various portions of a buoy traverse are each measured independ- 

ently, instead of being carried forward from an initial line through conventional hori- 
zontal angles measured at the turning points. The horizontal distances between buoy 
stations are measured by taut wire or log. With the azimuths and distances between 
adjacent buoy stations known, the positions in a traverse may be computed by one 

of the methods described in 9441 and 9442. 
Traverse computations are not difficult but attention must be paid to detail. The 

reduction of the distances and azimuths for scope, the computation of the positions, 

and the adjustment of a traverse, are operations in which errors are easily made unless 
the strictest attention is paid to the proper application of the various corrections. 
All abstracts should either be carefully checked or be prepared independently by two 
different persons as a check. Computations of buoy positions by the field party are 
assumed to be correct—they are not checked at the Washington Office. 
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944]. Computation and Adjustment by Using Geographic Positions 

The positions in a buoy traverse may be computed by geographic positions either 
on Form 27, Position Computation, Third-Order Triangulation, or on Form 596, 
Position Computation Traverse. Form 27 is preferable because two positions can 
be computed on each copy of the form. 

To check traverse computations, the positions should be computed independently 

by two different persons on separate copies of the form. If the results agree, one set 
of the computations may be destroyed. 

’ 

TABLE 30.—Adjustment of buoy traverse computed by geographic positions 

Station Distance Sum : Position from traverse a : sas 
name eat ia distance Azimuth computations ensure Adjusted position 

Meters Meters ¢ d 3 y meters Meters z u meters Fixed ? f 

ixed position o 
(eos ee ere ay Seve ol a er Oe co eee 174 i aan initial buoy sta- 

? tion. 

Hem. 2) 7oe 73715. 7159 1. 91434 fee eee eee ior bees 

Fun____| 2, 432. 5] 6, 148, 2157 03. 9/478 eee es oth ee siGeie 
38 42 1,234.0| —0.6| 38 42 1,233.4 Hat-...| 2, 622. 2| 8, 770. 4|59 21. 0134 Ge eseta\ tle aha mae ee 

Dot____| 3, 897. 9/12, 668. 3160 37. 5|{28 foe? gine tate SIC ginie 
88 45  376.2| —1.2| 38 45 375.0 

Cop) ==), 9; 122,-3/16,1320.6)60 57. 2134 38 1,033. 1/412. 5| 74 38 1,045.6 
: ey. Fixed position of Tap.-.-| 4,375. 9122, 766, 5)58 31.888 46 $11.0) —1.5) 38 46 mh fermion aaa 

Sik tion. 

The adjustment of a traverse computed by geographic positions is shown in table 

30. The fixed position of the initial buoy is entered in the ‘“‘Adjusted position”’ column. 
The traverse computations are started from this position. In the column ‘‘Position 

from traverse computations,” are listed the computed geographic positions of all the 
buoy stations in the traverse, including that of the terminal buoy, whose fixed position, 

in addition, is entered in the ‘‘Adjusted position” column. The differences in latitude 
and longitude between the computed and the fixed positions of the terminal buoy are 
entered on the last horizontal line in the column headed ‘‘Adjustment for closure 
error.” This is the closure error of the traverse. This error is proportioned accord- 
ing to distance from the initial buoy and the proper proportional part is applied to each 
buoy in the traverse. The proportion is based on the progressive distances entered 

in the column headed ‘‘Sum distance.”’ 
Geographic positions of buoy stations should always be expressed in degrees, 

minutes, and meters. This eliminates the many conversions of seconds to meters, and 

vice versa, and the chance of making errors in such conversions. 

9442. Computation by Rectangular Coordinates 

The positions of stations in a line of traverse buoys may be computed by rectan- 

gular coordinates in a manner similar to the computation of land traverses which is 
explained in any good textbook on. elementary surveying. This is the familiar com- 
putation by latitude and departure, modified to give correct geographic positions. 
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To make the computation, starting with a buoy whose position is fixed, known as 

the initial buoy, the buoy stations are tabulated in the order they are to be computed, 
with the azimuth and the distance between each pair of stations properly entered. 
Each distance multiplied by the cosine of the respective azimuth gives the plane lati- 

tude difference, and multiplied by the sine of the azimuth gives the plane longitude 
difference (departure). The progressive algebraic sums of latitude difference and 
longitude difference are next determined for each buoy station; differences of north 
latitude and west longitude are additive, and those of south latitude and east longi- 
tude are subtractive. The resulting sums are the values in meters, uncorrected for 

curvature, to be applied to the position of the initial station. They can be corrected 
by the simple methods described below with sufficient accuracy for the usual conditions. 

The plane longitude differences must be corrected for convergence of the meridians. 
This correction must be computed for each pair of adjacent buoy stations and applied 

as a progessive algebraic sum to the progressive sums of longitude differences. The 
ccrrection is zero on north-south lines, and so far as azimuth only is concerned, is a 
maximum on east-west lines. Special Publication No. 5 can be used in determining 
this correction. For the mean latitude of the line of buoys, take from the left-hand 
page the value (in hundredths of meters) of the change in length of 1 minute of longi- 
tude per minute of latitude. Multiply this value by the difference in longitude (in 
minutes) between the pairs of buoys, and then multiply this product by the difference 

in latitude (in minutes) between the forward buoy of the pair and the terminal buoy of 
the traverse. Or, the difference in length (in meters) of 1 minute of longitude at the 
latitudes of the forward buoy of the pair and the terminal buoy can be taken directly 
from the tables by subtraction, and multiplied by the difference in longitude (in min- 

utes) between the pair of buoys. In the northern hemisphere the correction increases 
the longitude difference where the terminal buoy is south of the buoy to which the 
correction applies, and vice versa. The approximate latitudes and longitudes of the 

buoy stations as determined by dead reckoning are sufficiently accurate for use in 
determining the corrections. 

There is also a latitude correction, which is applicable where the differences in 
longitude between successive buoys are large enough to warrant it. It varies with the 

latitude and is in proportion to the square of the difference in longitude. In latitude 
40°, the correction is less than 3 meters for a longitude difference of 6,000 meters. For 
an ordinary traverse whose whole length is in the same general direction and with 

buoys approximately equally spaced, this correction will be satisfactorily taken care of 
in the adjustment of the closure error. Where it needs to be applied, the correction 
can be taken from Special Publication No. 5 under the appropriate latitude, and from 
the last column on the right-hand page, using the difference in longitude between suc- 
cessive pairs of buoys. The correction increases the latitude difference where the for- 
ward buoy of a pair is south of the preceding one, and vice versa. The correction is a 

progressive one, being applied to the plane latitude differences in the same manner as 

described above for the longitude corrections. 
To find the closure error of a traverse computed by this method, convert the total 

corrected traverse values for the terminal buoy into minutes and meters and apply this 
to the geographic position of the initial buoy. Compare the results with the fixed 
position of the terminal buoy. The differences in latitude and longitude (in meters) 

are the closure error, which should be distributed through the traverse according to 
distance from the initial buoy. ; 
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In converting these traverse values into minutes of arc and meters, using Special 
Publication No. 5, use the metric value of 1 minute for the mid latitude of any traverse 
distance to convert latitudes—but the metric value of 1 minute of longitude for the 
latitude of the terminal buoy must be used to convert longitudes—not only for the 
terminal buoy itself but for each of the intermediate buoys. 

In this method of computation the time saved by not having to compute and check 
the geographic positions, as in 9441, will probably more than compensa for the addi- 
tional time needed to apply the perce corrections. 

9443. Finding Location of Large Closure Error 

An accurate buoy traverse will generally close with an error of about 1 meter per 

statute mile of traverse, and where the closure error is much larger than this, a blunder 
may have been made in the computations. If there is a large error of closure, an analy- 
sis of a graphic plot showing the error will often give a clue to its location. 

Buoy positions are almost always 

A POSITION FROM TRAVERSE COMPUTATION _/ plotted on the boat sheet as they are 
ere ees /@. computed, for use in controlling the 

esto hydrography. This constitutes a 
graphic plot of the traverse in which 
the relation between the fixed posi- 
tion of the tie-in buoy and its position 
as computed from the traverse may 
be shown. Figure 186 illustrates a 

yee 5 Me graphic plot of a traverse starting at 

buoy A and ending at Buoy #. 

The difference between the fixed 
position of buoy F and its computed position is the closure error HE’. If the azimuth 
of LE’ is nearly the same as the azimuth of one of the lines of buoys, it is likely that the 
closure error is due to an error in one of the distances used in computing that part of 
the traverse. 

Where the azimuth of HE’ approximates none of the azimuths of the lines of. 

buoys, the following test may disclose the location of a gross error in the field work or a 
blunder in the computations, causing an error in azimuth. A line is drawn joining # 

and EH’ and a perpendicular bisector is drawn at the midpoint, as shown in the figure. 
If it passes near a buoy position, an error in azimuth was probably made at that buoy. 
In the case illustrated, the azimuth between buoys C and D should first be checked, and 
reobserved if necessary, in attempting to find the error. 

FIGURE 186.—To locate a large closure error in a buoy traverse. 

95. FORMS AND PUBLICATIONS 

951. List or Forms 

For convenient reference there are listed here the forms mentioned in the Hydro- 
graphic Manual; the list includes practically all the forms that are commonly needed 
in hydrographic surveying. Reference numbers given refer to those headings in the 
text under which the use of a form is described in more or less detail; no reference 

number is given opposite forms which are merely mentioned in the text. In request- 

ing forms from the Office, all those listed whose numbers are not preceded by a letter 
should be ordered on Form 11a, but the experimental forms listed (those whose num- 
bers are preceded by a letter) should be identified by both number and title. 



Form No. 

11 

lla 

12 

14 

20a 

21 

25 

27 

28B 

33 

38a 

al 

5la 

62 

248 

250 

251 

258 

261 

270 

275 

277 

354 

355 

356 

376 

382 

411 

413 

504 

508 

509 

524 

525 

526 

537 

537a 

567 

573 

596 

615 

623A 

655 

662 

665 

670 

681 

709 

TP 

ls 

714 

715 

717 

718 

719 

720 
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Title Reference number 

Catalog of Forms and Stationery Used by the U.S. C. & G.S. 

equIsi OM Ore Onis, and Slationerys. 25 ¢ es eee fo Ee 951 
Requisition for Instruments and General Property__.____.__-__________-_________ 432 

inventory of instruments, General Property, ete_. 2225-2 -- ~~ = 2-2 433 

Mouthivyenepor and Journalof Field Party.2- =) 2222 224) Se toe ee 156 
Simpeimnes, Cosi, Qncl Simaunnyay ore UNG WWois ee 8515 

Computation of Triangles. 
Position Computation, Third-Order Triangulation. 

FECUMIAD MIC eb OSIbIONNo Se mem Sots. = cere See eee er ee BS ee ee) 7411 

ELoposal(boud not required)—.supply Contract== 2245-59 en eso s< oes seo n= 4231 

Magnetic Declination (Compass Declinometer). 

Signal Notice. 

Signal Notice (in Spanish). 

Sample Bottle Label. 

Tides: Comparison of Simultaneous Observations. 

ObsenvationsotebHorzonvaleAn cles=2 22. ==— == 5 ae =e ee ee ele ee 2216 

Observations of Horizontal Directions=.¢ 220 oo soe en eee eee en et eS Seek 2216 

Mevyelingrivecord—**0Grstablon..< . << - = 2h Skee on eee ae ee Jit ee 1433 

Deviation Table. 

Record of Current Observations. 

SOuimiin ate Mths TAT Ete s ee epee pepe 2 hea nae gee tay nea Pea ies. Lge reap set fay) 81 

Tides. 

Observation of Compass Deviations. 

Computation of Compass Deviations. 

ANON ENS OE Boas Deviations. 

DOLMICHMG SN VTt MMV neste Senses TAL EICUDAP OL ST A Msn fe Ns eee rs 81 
Reduction to Center. 

\uvitie ceo Wig AEC O16 Lae eae ee eee a ae ee ee ee ee Eee era oe Se 8 oe ee 81 

Hetienarancmitcneebield NecOrds. =. 22232222 use so 836 

DESCrIptIve FepOlb-t Soke tees arated Begs as ply 28 Pe en ge eee 8411 

PLO UOSA TOL SELInesOimbaINt CNH) gS ees ke se ee A eS ee 4231 

REAR ERO UU C hee eh. Aes eee 8 BK eee ee, eth ae ee! 2) pd Sd 4231 

Description of Recoverable Hydrographic or Topographic Station________________ 2351 

Wescriptionvol (nangulation. Statione 22-9... 255-22 5 2k te Pe ae ew 227 

Recoverye Note: LmanegilatvionsStation: 25 222 2 8 fas oes se 2 2272 

bydropraphic#hitle;sSheets: 23 tal Wet By By. sph ted yes 9h et eet eget iol be 8412 
Topographic Title Sheet. 

ihandmarks for -Ghartsicn c4 2 ase oe a a ane neh oes fae ree eh ogee fate meyer LE sated ay 8534 

Letter of Transmittal & Receipt for Transfer of Instruments or General Property_.. 433 
Position Computation, Traverse. 

Summary of Monthly Reports and Journals of Field Party and Cost Apportionment. 8515 

EO TO re lS ELES GOT Yes 2 ee eae eta ae a ag nt hl get Dea 1591 

Computationrvol “hhree=kornits eros] eres aaa ee en as Soe es ee 2285 

biverse Position, Computationtess see ae ete ee Mel  e8 e  e 2511 

Triangle Computation Using Two Sides and Included Angle. 

FE GH ES OT a er Pe EN ck I el oh os ee ed 8311 

Renee DideyS TAbiOn_ uo 2. =e pene a Norse uh ae eR Re el CS 1434 

Plane Coordinates. 

fide WNotedorsthycdrographic Shee eesmeesentae came lee Sey a 844c¢ 

Buoy to Buoy Distances by Bomb, 

DStrAC Om Os lOve ranted .. <5. aeeemenen | Sele eS od 2853 

Abstract Ofsbombed Distancesijs see ee eae oo ee eh ew Be _ des ch ed 2533 

Record of Temperatures, Salinities, and Theoretical Velocities_________________- 6341 

Abstract of Buoy to Buoy Azimuths. ° 

AStronomic sight tor, Eydrographie Comprole ss 2- 3382 

NZTTEUG a yee ATi gle - 0. pe SD apeea  ie SN DMilay lps io) head ae Bee a 941 
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Form No. Title Reference number 

722 R. A. R..and Dead Reckoning Abstract: 2225-25 8526 4-2 ee 3377 

757 Requisition for Printing sa— 22242 Se ee ee ene olay 

Wats Tawt-\Wire Traverse Observations == sae 22. = ae ee eee ete ee 4466 

A-712 Geographic Names. 

B-1528-5 Graph of Temperatures and Salinites________---___--- Se ee Se 6342 

J-L00-5., . Velocity: Corrections =). .2.23242.2b5.¢, ee eee a ee Pe 5614 

M-2388 Memorandum—ImmediatevAttention= 2222 22222 26 ee ee 844b 

M-438 Monthly Statistical Summary. 

M-961 Progress of Office Work on Topographic)Sheets=="__ > 52) = ee 8514 

M-962 Progress of Office Work on Smooth Hydrographic Sheets_______________________ 8514 

M-963 Progress of Office Work on Field Records___-__~___ Ss ee a eS 8514 

M-996 Veritienss Report Ofelby,cr.o orp Wey UT Vie yes 9339 

M-1133-5 Annual Statistical Report__.____.-____- oe ioe eee ee tl 8516 

IMENGSBEIL (Olyeolk< isin eyavol OhinGey SmwnsB Sk Sn OS ME OE pe 8444 

R-233 Abstract of Currents Observed. 

952. PUBLICATIONS OF THE COAST AND GEODETIC SURVEY 

The following field manuals and associated publications of the Coast and Geo- 
detic Survey should be in the library of each vessel for reference, and officers should 
have personal copies of many of them. They are issued free for official use by the 
Bureau, but may be purchased only from the Superintendent of Documents, Govern- 
ment Printing Office, Washington, D. C., at the prices listed. 

In the tabulation, the publications are grouped under the various classes of work, 

and are arranged according to their publication numbers. A complete list of the publi- 
cations of the Coast and Geodetic Survey is contained in the List of Publications of 

the Department of Commerce, a copy of which may be obtained free on request. 

Special ASTRONOMIC OBSERVATIONS 
publication 

No. Price 

14——Determination of time. longitude, latitudesand azimuths =) = a a ee 65¢ 

CARTOGRAPHY 

5—Tables for a polyconic projection of maps and lengths of terrestrial arcs of meridian and 

parallels based upon Clarke’s reference spheroid of 1866__-__-_-------------------- 30¢ 

Di——Generaletheonryaol pOlycOmic spo TOy eC 1Ol Ses see a eee 25¢ 

60—A study of map projections in general_______-_-__---_--=_--- . Tey As. 3 ieee 5¢ 

68—Elements of map projection with applications to map eae chart construction__—_=-=— == $1. 00 

(5-—Radioveompass bearings? 22. 7s. fe 2Cb 2s Bley) ine eae Eee See 5¢ - 

205 Cartography 12225-2622 oe I EOE BS eee eee Ut te AGE 

GEOMAGNETISM 

96—Instructions for the compensation of the magnetic compass-_--_--- -- ------------------ 15¢ 

Serial 166— Directions for magnetic measurements__-____----_- hpi ge Ca B er wi 7 65¢ 

HYDROGRAPHY 

118—Construction and operation of the wire drag and sweep- ---------------------------- 75¢ 

LEVELING 

140— Manual of first-order leveling___- -___-- --------- Bc 3 ee ene ee 15¢ 

OCEANOGRAPHY 

108=Velocity of ‘sound’ in sean waters - 2-22 ae ee ee ee 5¢ 

147—Measurementiof-salinityaof seanwaters sess = apse ee ee ee ee eee ee 10¢ 



PaGE 869 MISCELLANEOUS 953 

TIDES AND CURRENTS 
Special 

publication 
No. Price 

eer anit cre IM DIATICSE ee cyee ot 2 ee ee ee Te eee eee Set OO 
HOGaNianttalkote tid ChObSservavionss — 22-4 = se seewem sera Ss hoa Sa eee Chee See ee ere ee 15¢ 

is Manialion GULTENt OOSErVALIONS. 9 oo 2 eeprtie= 25 <2 25 235 le SESE JS ee eee oe = 15¢ 

PoC eranOKCUEe ltr OSSATY 2.5 ay n= nee ee a eee ee ee ee eee ee 10¢ 

: TOPOGRAPHY 
ee Nmap TAD MICrinan Ue Ls 9-6 2228S eee pe ee eee Soe 2 ee eee a eee 30¢ 

TRIANGULATION AND TRAVERSE 

8—Formulas and tables for the computation of geodetic positions__-__-- ~~~ -_- me Nagel ek ed Be Se 30¢ 

28-—Application of the theory of least squares to the adjustment of triangulation_________- 25¢ 

65— Instructions to lightkeepers on first-order triangulation -~__--------------------- te 5¢ 

71—Relation between plane rectangular coordinates and geographic positions____----__.-_- 10¢ 

120 oINVianitalotins t-Ord erabyi am Oil abi Oe ee eee ee es ee ee eee 20¢ 

ovine of first-order (ra vensese eos 5 eee ie oe tee eee OE 

138— Manual of triangulation computation and adjustment___-___ - .--_------------------ 60¢ 

145— Manual of second- and third-order triangulation and traverse_-_---_----- ------- --.- 25¢ 

his bilby steel tower tori triangulation. ..2---— 32 2- /- 2 eae a ee yj 15¢ 

1G3—— VManvaleotsplane-coordinateycommp uta tions. = ey ee ee re 35¢ 

194— Manual of traverse computation on the Lambert grid___------------- ES Pee tase 30¢ 

195—Manual of traverse computation on the transverse Mercator grid______-___-_-- ------ 25¢ 

225——Nanialotreconnaissance for trance ulations se = oe ee ee ee 15¢ 

Breyer NIM PSU CTU Sanne ae x eg oe oh fg a ee a gs ce ae 15¢ 

Serial 584—Azimuths from plane coordinates-_------------.----+------ Seen vere eae 5¢ 

Serial 624—Computation of traverse by plane coordinates_-_-__--------------- le es ee 5¢ 

953. REFERENCE Books 

Standard treatises on oceanography, surveying, navigation and seamanship, and 
other subjects associated with hydrographic surveying and the work of the Coast and 
Geodetic Survey should be available for reference in the library of each survey ship. 
The following lists of books are intended to be suggestive rather than inclusive: 

9531. Publications on Hydrography and Oceanography 

AN SRGUIGY OT THOS KCRG = Be see ee oh eee ee J. Johnstone 

Mapext book of oceanography o.oo J. T. Jenkins 
Admiralty manual of hydrographic surveying__----_-------- British Admiralty 

Dynamic meteorology and hydrography - ------------------ V. Bjerknes 

Hieldtenpineersibulletins? ai aies ieee te eee U.S. Coast and Geodetic Survey 

Founders of oceanography and their work__-------- ------- W. A. Herdman 

General instructions for hydrographic surveyors____--_------ British Admiralty 

Hydrographic and geodetic surveying manual___--___--__----_ H. O. publication No. 215 

Hydrographic review—published semiannually by_---------- International Hydrographic Bureau 

Hy drographical tables. 22.'- 2-02 2222. 7 Vn Gee ad RUE hae M. Knudsen 

SCEATIO LEAN yee ses ee te FS ee See ees H. B. Bigelow 

Ebysicauceography of the sea 22 22. 22-2 5 ee M. F. Maury 

Physics of the earth—Vol. V—oceanography___-_-_-_-_---- National Research Council 

Selenceroitheses= ss .4 22 o4.-._.. 2 .2 eee ee G.. He Fowler.and Fal, Allen 
Tables of the velocity of sound in pure water and sea water.___ British Admiralty 

The Oceans: their physics, chemistry, and general biology... H. U. Svedrup, M. W. Johnson, and 

R. H. Fleming 

TOUS YS Ss hh ce gE Sf H. A. Marmer 

IPAS Ate AS 22 Se yg a ee ig ee ee ie Syl EE og ae aie H. A. Marmer 
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9532. Publications on Navigation and Seamanship 

AypIOSSAry Ol Se&,leTMs 2-52-68 en ee Se eons eae G. Bradford 

Altitude, azimuth, and line of position___----__.._...-.-...-.-- H.O. publication No. 200 
American ephemeris and nautical almanac _- - - - ~~~ - Ce Bee ee U.S. Naval Observatory 

American naltiesl almanae==222 2) Elen pede ne ee eee U. 8. Naval Observatory 
American practical navigator—Bow ditch! wees ae =) EL Oe PUDICATION aN Grae 

Azimuths of celestial bodies of declination 24° to 70°__-- -_-__ H. O. publication No. 120 
Azimuths of the sun and other celestial bodies of declination 

(Caan 0 gj en ene wea eee Be Gs le Ee eee H. O. publication No. 71 

Dead reckoning altitude and azimuth table—Ageton _ _-_--_- H. O. publication No. 211 

International code signals, Vol. I., visual____--_-__--------- H. O. publication No. 87 

Merchant vessels of the United States_-_------------------- Bureau of Customs 
Modern pnaa rime er gre ere) 10h eee ee A. Osbourne 

VModern seamanship. === - 2 2 a chet, Syd ripe Be Sad del A. M. Knight 
Modern shipfitter’s handbook!-.22—_--=__-.-2_2------------ W. E. Swanson 
Naval institute proceedings—published monthly by_-------- U.S. Naval Institute 

Navigators compendium. =~ s-2 =a ee ep eciates 5s A. J. Tellier 
INavigationsandena tical aston o mye === = = B. Dutton 

Navigation tables for mariners and aviators—Dreisonstok____ H. O. publication No. 208 

Piloting, seamanship and small boat handling_-__--___-___-- C. F. Chapman 

Pocket book of ship materials and their uses____----_-------.- H. H. Thayer 

Position tables for aerial and surface navigation_____-___----_ H. O. publication No. 209 

Prachicaleainenavde a tlole so ee sere eee eke ee ee eee Civil Aeronautics Administration 

Bulletin No. 24 

LSC | TNENT ANON Ws COMO pe ee Sooo oo Seeoes U.S. Naval Institute 

Principles of naval architecture (2 volumes)__--___--_______ H. E. Rossell and L. B. Chapman 
Ra GIOrAlGsslOs Na VIER LION ee nee eee ee eee H. O. publication No. 205- 

Radiosweather aids to mavigations = 9222422 Sater tre see H. O. publication No. 206 

Shipfitiimmapractices: = 65-4595" oon eee Sek eee ee eee ee State of Pennsylvania Bulletin No.345 

Simultaneous altitudes and azimuths of Coleanot bodies - - - - - - H. O. publication No. 201 

Standard seamanship for the merchant service__-----_-----_ F. Riesenberg 

Tables of computed altitude and azimuth in 7 volumes_ ---__- H. O. publication No. 214 

The naval-artificer’s manually 28s. 2) Eee SUE eee _. U. 8. Navy, Bureau of Construction 

and Repair 

‘The rulesof the nauticalweadss2 jet haere ioe = hh R. F. Farwell 

The Sumner line of position furnished ready to lay down on 

the chart by means of tables of simultaneous hour angle 

andvazimuthvoticelestialibodiessss= === sa== a= == === ae H. O. publication Nos. 203 and 204 

Treatise on navigation and nautical astronomy, including 

the theoryof compassideviations=s. === =a a ee W.C. P. Muir 

Watch*oticer’s guidesses aeFs 155 att as a bs ty Ona ta Ha Der eheed U. S. Naval Institute 

9533. Publications on Surveying and Astronomy 

A. textbook of geodeticjastronomye.52="> "=" ="_ 222 3 ee ee J. F. Hayford 

A treatise on practical astronomy _-_- --_- a ee ae A oe C. L. Doolittle 

Aerophotography and aerosurveying_-_----- ---------------- J. W. Bagley 

Analytical computations in aerial photogrammetry_________- Photogrammetric Engineering, Vol. 

VII, No. 4 

Elements of precise surveying and geodesy_______ __ -______- M. Merriman 

Biel du bOOkKsO fet h Ges kaics eee ee ee oe eWeek aOleott 
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Logarithms of sines and tangents for every second_-_---- .-_- R. Shortrede 
ihogarithmuc tables, (7 place)e 1... 2 ee ee = -.. R. Vega 
Mm ITs OM ASULOMOMNG =e hoe es nt! es: Se eR ee 2s C. A. Young 
Manual of spherical and practical astronomy --------------- W. Chauvenet 

INaturalusinesranducosimes (Suplace))...-2 5 ea ae = = a= U.S. Coast and Geodetic Survey 

Notes on the compilation of planimetric line maps —_-------- U.S. Coast and Geodetic Survey 

IBTACuiCaleastrOno ly saree fet ee a c's aoe SER eee eee Ted G. L. Hosmer 

Principles and practices of surveying, elementary surveying, 

Wioleles key SS ee See ee te. eis SCO Se ee C. B. Breed and G. L. Hosmer 

Principles and practices of surveying, higher surveying, Vol. II. C. B. Breed and G. L. Hosmer 

SiEMOUIn puree ah oe 0 lo i ee C8 War Department Technical Manual 

No. 5-235 

Sunveying trom air photographs.<<==2-2<2s--—- =.5--—-=4--= Captain M. Hotine, R. E. 

Mmopoprapbic uratting- 22.2 2.2.2. 25 PS ie.) 2 ee ee _._. War Department Technical Manual 
No. 5-230 

Topographical mapping from high oblique air photographs-- Photogrammetric Engineering, Vol. 

VIII, No. 1 

9534. Miscellaneous Publications 

AGte xt OOK OMSOUN Gt ayaccees Liss ok RE Ee SS ee as ee A. B. Wood 

INCOUS TI CSmR EEN oe CM Eee wae we 2 LTE. Fee ae ee G. W. Stewart and R. B. Lindsay 

ACroMmaubicalemetcorology2 a=. 22-22 eee es ee ae G. F. Taylor 

American civil engineers’ pocketbook___________________-_-- T. Merriman 

Hlinaamentsal suo lmadlQeecuate ees ly EE We eee Yee ee . F. E. Terman 

Geopnypreslvexploratione +422 5225-24. s sree acess Sees _.. C. A. Heiland 

Hancdbookmotchenistnysandppliysi¢se = == =. eee C. D. Hodgman (Chemical Rubber 

Publishing Co.) 

Instructions to marine meteorological observers_____---____- U.S. Weather Bureau Circular M 

Introduction to modern physics_________-_-._-- Th Sys Aa Si ee F. K. Richtmyer 

Mechanical engineers’ handbook. _2-_.. £2.22 22-222. 2222-2 L. S. Marks 

TENOR VST CSL ae eet Tete ee 22 op gs EA ie a eae tis yO eS Pas ea a EF. Hausmann and E. P. Slack 

te SROun Me ain ene een em ee re RS ek oe Pe eee W. J. Humphreys 

Pocketcompanionviorengineersees= = - 99a = 8 eee ee Be Carnegie Steel Company 

RU ApeOLeUgINee riage =) ae Be ea oS ee ia be F. E. Terman 

Hamorenginecring handbooks=- 2s. 2.2322 2 Bee K. Henney 

Standard handbook for electrical engineers________________- F. F. Fowle 

SMOPENtIONS UO) AU thOLS are eee oe 8 ee U.S. Geological Survey 

954. RUBBER STAMPS FOR HYDROGRAPHIC SURVEYS 

To facilitate the recording of hydrographic survey data, standard stamps have 
been designed for use in the records. In addition to those in table 31, a dating stamp 

may be used for dates in the Records, and special stamps will be furnished, if requested, 
for stamping the name of the vessel and the general locality in the Records. 

The following is a tabular list of standard rubber stamps, that may be requisitioned 
from the Office by number, arranged according to various types of surveys. These 
stamps make obsolete former stamps numbered 1, 2, 3, 4, 5, 14, 15, 16, 17, 18, 19, 21, 

22, 23, and 26. 
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Tas_eE 31.—Rubber stamps for survey records 

f Usedes-| For in- | Rorio- [Forship| 
tamp op: cribe shore : ae 
Sil Title of stamp, or use and tact \Randiend era (exclud- R.A.R 

simile in| surveys ees RAR.) SUNS 

20 eiWieather ea nase a Ee SS Se eee eee ee x xX xX x 
24 | For log readings, etc., in Sounding Record _- SAG |e ee a ee aes eres De x 
31 | Graphic record—used on ends of fathograms E5y (Ramer eae x x x 
32 | Personne]l—duties of personnel___________- 8131 x xX x 
33 | Sounding apparatus—apparatus used and 

COMLORAULOTE = oe ee ee ee 8132 xX xX xX x 
34 | Time and distance to and from work______~ 8133 xX xX xX xX 
35 | Comparison of sounding apparatus with 

SQM ses ey ond ee ge 8134 xX x xX xX 
B10) || Werden OF SeHGHUS, ies 22-22-2252 2--22 816 xX »¢ axe xX 
37 | Statistics—statistics of field work_________- 8161 x x x xX 
38 | Processing—for reduction of Sounding 

Record 2a ASL e ee its tee he eerie 824 D4 x x x 
39 | Line begins—used at beginning of sounding 

[ine See hth ta DES AE Rape eee eS 815 x x xX XxX 
A) || oP nas OF QOS VE, AiO Or VOrlOUS WI4\|_ = --- 22-5 ||- =~ x x 
41 | For position number, etc., on end of chrono- 

Graphntapess see © ly Aare ON AAU a ee 6854 |ienn 2 Ee Sa eee x 
42 | Hydrographic survey—for wse on smooth 

SNECCE Se ta ee ee EE oe ae eee 746 x x x xX 

96. TABLES 

In this section is included a variety of tables, diagrams, and lists, which the hydrog- 
rapher may need to use repeatedly without reference to the text. Most of them have 

been prepared especially for convenient use in hydrographic surveying, and others 

are not readily available elsewhere. 

961. VELOocITY OF SouND TABLES 

The velocity of sound in sea water is of supreme importance in hydrographic sur- 
veying, since most of the depths are now measured by echo sounding and much of 

the control of offshore hydrography is by Radio Acoustic Ranging (R.A.R.). It is 
necessary to use the velocity of sound in sea water in connection with both echo 
sounding (see 561) and R.A.R. (see 636). Two methods of deriving the velocity of 

sound from the observed physical characteristics of the water are provided: (a@) from 

tables, and (6) from diagrams. Velocities derived from the tables will be slightly 
more accurate than those scaled from the diagrams, although the latter should be 
sufficiently accurate for all uses in hydrographic surveying. 

9611. Velocity of Sound Computations 

If the temperature and salinity of sea water at a specific depth are known, the 
velocity of sound at that depth may be derived from tables 32, 33, and 34, 

These tables are based on Tables of the Velocity of Sound in Pure Water and Sea 
Water, H. D. 282, published by the Hydrographic Department of the British Admiralty. 
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In table 32 are given the velocities (in meters per second) for various temperatures 
at surface atmospheric pressure and at an assumed salinity of 35.0 °/.... The correction 

to be applied for any other salinity is given in table 33; it is subtractive for salinities 
less than 35.0 °/,. and additive for salinities above 35.0 °/... The correction for 

pressure at latitude 45° is given in table 34; it is always additive. ‘The pressure cor- 
rection varies not only with hydrostatic pressure, but also with gravity and therefore. 
slightly with latitude; but the mean values in table 34 are sufficiently accurate for 
all surveying purposes. The pressure correction is nearly proportional to depth, 

and for depths less than 1,000 fathoms, it may be found with sufficient accuracy by 
dividing the depth (in fathoms) by 30—the result being the correction in meters 

per second. 

TaBLE 32.—Velocity of sound in sea water—in meters per second, at surface atmospheric pressure 
and salinity 35 °/ oo. 

[Enter this table with the temperature. Apply a correction for salinity from table 33, and a correction for pressure from table 34.] 

Temp. °C. 0 al ED 3 4 S53 6 fi 8 9 

—j____| 1440.8 40. 3 39. 9 39. 4 38. 9 38. 5 38. 0 Bis D Bio I 36. 6 
—Q____| 1445. 4 45. 0 44.5 44.0 43. 6 43. 1 42.7 42.2 ALL. 7f Al. 3 

O____| 1445. 4 45. 9 46. 3 46.8 47.3 47.7 48. 2 48. 6 49. 1 49.5 
ie |) 10S 50. 4 50. 9 Sik, 8} 51.8 52. 2 O2et de: I 53: 5 54. 0 
Qe ee.) 1454: 4 54. 9 55. 3 io}, 2 56. 2 56. 6 Del Ded 57.9 58. 4 
La Sis 59. 2 59. 6 60. 1 60. 5 60. 9 61. 4 61.8 G2n2 62. 6 
Ay =| 1463! 1 Gamo 63. 9 64. 3 64. 7 65. 2 65. 6 66. 0 66. 4 66. 8 
Ro |) NA 67. 6 68. 0 68. 4 68. 8 69. 3 69. 7 70. 1 70. 5 70. 9 

@Go.= |) Wabak 8 Al, 7 4 Al (24) 72.9 Ue 3 U8, 0 (esa 74. 5 74.9 
Geace]) 1Ae, Goon (Koy Al Gs, 5) 76.9 UUs & Ut © 78. 0 78. 4 78. 8 
Se T4479. 2 79. 6 80. 0 80. 3 80. 7 81.1 81. 5 81.9 82. 2 82. 6 
eee 1483,.0 83. 4 83. 7 84. 1 84. 5 84. 8 85. 2 85. 6 86. 0 86. 3 
NOE | LAS 6297, 87. 1 87. 4 87. 8 88. 1 88. 5 88. 9 89. 2 89. 6 89. 9 

ie 149003 90. 7 91.0 91.4 91.7 92. 1 92. 4 92.8 93. 1 93. 5 
2 ee 49358 94, 2 94. 5 94.8 95. 2 95. 5 95. 9 96. 2 96. 6 96. 9 
Woo) Wee 97. 6 97. 9 98. 2 98. 6 98. 9 99, 2 99. 6 99.9 | 1500. 2 
A 15 00N6 00. 9 O12 01.5 01.9 02. 2 02. 5 02.8 03. 2 03. 5 
Weal) WERE 3 04. 1 04. 4 04. 7 05. 1 05. 4 (Ol5}, 7 06. 0 06. 3 06. 6 

Gee 5065 9 07. 2 07. 6 07. 9 08. 2 08. 5 08. 8 09. 1 09. 4 09. 7 
W/s | USTIOy 10. 3 10. 6 10. 9 iil, ile 5) 11.8 Pe al 12. 4 7 
Nee s|| Males O 13:3 13. 6 13. 9 14. 1 14, 4 4b ¢ 15. 0 5a 15. 6 
(OR 1515.9 1632 16. 4 16. 7 17) 76°83 17. 6 17. 9 18. 1 18. 4 
Osecai| Lbanltesee 19. 0 19, 2 OTS 19. 8 20. 1 20. 3 20. 6 20. 9 Zila 

Plloe aa|) Gye Ze Pal 22. 0 Pepe P4 DpH t5) 22. 8 23. 0 2350 23. 6 23. 8 
90} |) yyw al 24, 4 24. 6 24.9 25. 2 25. 4 PAS, El 25. 9 26. 2 26. 4 
P< | MEPACY "76 27.0 P54 ns 4s Wes 28. 0 2852 28. 5 PRES Uf 29. 0 
yh || USE 94 29. 5 29. 7 30. 0 30. 2 30. 5 30. 7 ol. 0 ilies i) 
MNijss=—|| URIL 7 31.9 32, 2 32. 4 32. 7 32. 9 Bb} Al 33. 4 33. 6 33. 9 

IGo—5<|| leey al 34. 3 34. 6 34. 8 35. 0 ai, & 3) 0)) G) Bi Of 36. 0 36. 2 
Di | os: 4: 36. 7 36. 9 Dols dl 37. 4 37. 6 SiS 38. 0 38. 3 38. 5 
PAS SS UGS 7/ 38. 9 39. 2 39. 4 39. 6 39. 8 40. 0 40. 3 40. 5 40. 7 
DOE 54059 4tid 41.4 41. 6 41.8 42. 0 AD 2, 42.4 AD 42.9 
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32 to account for salinity 

is additive; when less, it is subtractive.] 
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TABLE 33.—Salinity corrections.—Corrections in meters per second, to be applied to the velocities in table 

Salinity % 

[Enter this table with the salinity and temperature of water in °C. at the depth. When the salinity is more than 35 %oo the correction 
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TABLE 33.—Salinity corrections.—Continued 

Temperature °C. at depth 

Salinity %%o 
0 5 10 15 20 25 30 

: (ye 3.0 2.8 2.6 OP 2.4 2.3 2.2 
21 3.2 3.0 2.9 2.8 2.6 2.5 2.4 
SA ae 3.5 3:3 3.1 3.0 2.9 2.8 2.7 
Taga. 3.7 3.6 3. 4 3.2 3.1 3.0 2.9 
3906. 0... 4.0 3.8 3.6 3. 4 3.3 3.2 3.1 

2 4.3 4.0 3.9 3. 6 3.5 3.4 33 
bi 4.6 4.3 Ate 3.9 3.7 3.6 3.5 
aol 4.9 4.6! 4. 4 4.2 4.0 3.8 3.7 
agg. ml 4.8 4.6 4.4 4.2 4.0 3.9 
so'0 |... 5. 4 5 I 4.9 4.6 4.4 4.2 4.1 

AO0Y 2 6.7 6.3 6.0 5.7 25 5.2 5 
Hehe 8.1 7.6 7.0 Gas 65 6. 4 Gul 

TaBLE 34,—Pressure corrections.—Corrections in meters per second, to be applied to the velocities in 
table 32 to account for the pressure or depth 

{Enter this table with the depth in fathoms and the temperature ot eae in °C. at the depth. Add this correction to the velocities 
in table 32. 

Temperature °C. at depth 

Depths in fathoms 

iy 5 10 155 20 

(0) ie ee eee DF oes 0 0 0 0 0 
Reels oie So ees ee ee ore ee 1.6 16 1. 6 1.6 116 

MOO Loe oe Se Bot Y et Ge 2 ee eee 3h 83 32 ae 353 2h 
10S) () eee a See pe PE eae bo fey ns ES 5. 0 5. 0 4.9 4,9 4.9 
£2 ()) () ae = fa ae SI Pd eae YA ts oh, O (ay if 6. 6 6. 6 6. 6 
i () ee ee ke SR ET 8. 3 8.3 8. 2 8. 2 Suez 

SIO Se Se eee ene peg ee ay PE oe bee see 5 10. 0 10. 0 9.9 9.9 9. 9 
EO (() i eee Ry Memes oS cea eka Bah ay a ILI 11. 6 il & This 5) 11.5 
FA) () ee eee amet ook! TPN pened a eee ce 113.3 183,83 3e2) igh, 9 lek, Y 
FA) () Eee ae we pate St) oe ee ee 15. 0 15. 0 14. 9 14.8 14.8 
5 () (ee pee cone a 2 ey perenne = (Gh. 7/ 16. 7 16. 6 1675 16. 5 

yh () Renan Rratcawe yet 2a) fo! yey 2 ee ee 18. 3 18. 3 18. 2 18. 1 18. 1 
GOO Reser ee ce ee Be 20. 0 20. 0 19. 9 19.8 19.8 
GE (eared has cece oP Boog eas ht) ID ileal ZileG 21. 6 Pils Dil: PANG GS 
(OO Mamen et aeang seas Sy oe eg |e 23. 2 PERS Pes Al 23. 0 2351 
USO cack Sa eee Fl ie 24. 9 24. 9 24.8 2A 2400 

5 () REM eek ea eel ho. 26. 5 26. 5 26. 4 26. 3 26. 3 
51) (ene ee EP SS. 2 eS 28. 2 28. 2 28.1 28. 0 249 
(reed arian ee AME At ty 29. 9 29. 8 29. 7 29. 6 29. 5 
Os (QR errr eae ene Bin Men 31. 6 3185 Bie a 312 S31l, Ye 

Le (QO EARS Sk A EES ds PEE 33: 2 oo. 1 33. 0 32. 8 32. 8 
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TABLE 34.—Pressure corrections.—Continued 

Temperature °C. at depth 

Depths in fathoms 

0 1 2 3 4 5 

nO li cy a me rh Sa ay rg FE eas pce | ata gts ope ae nF paptge 33. 1 
M050). 8 oe Bele ee ee 34. 9 34. 9 34. 9 34. 9 34. 9 34. 8 
MOO 2 hee eee eo nt hee 36. 5 36. 5 36. 5 36. 5 36. 5 36. 4 
LOO ose diet Se 38. 2 38. 2 38. 2 38. 2 38. 2 38. 2 
12002 2222 tig eee ee 39. 8 39. 8 39. 8 39. 8 39. 8 39. 8 
15250) 2 25 ee ee Be a 41.5 Aad 41.5 41.5 41,5 41.5 

POO So HOE ue oe Se an 43. 2 43. 2 43.1 43.1 43.1 43.1 
tS 15 | eae ge Sea es A 44.8 44.8 44.8 44.7 44.7 44.7 
A0O se 2s Fae pe Boo ie 46. 5 46. 5 46.5 46. 4 46. 4 46. 3 
11S | a ae eC hs ea 48. 1 48.1 48. 1 48. 0 48. 0 47.9 
1 EL 10 Nee i ee ie a Se 49. 8 49.8 49. 8 49. 7 49. 7 49. 6 

AG eS i Uegaes bes Me a 51. 4 51.4 51. 4 51.3 Sie 5122 
P6002 2 Pie a ee ee 53. 1 Soak 53. k 53. 0 53.0 52. 9 
G5 Oe 2 2 aie See ee eae 54. 7 54. 7 54. 7 54. 6 54. 6 54. 5 
1 EY 0,0 ed eee ale Pyeneh es 56. 4 56. 4 56. 4 56. 3 56. 3 56. 2 
AND Oe Son ek 58. 0 58. 0 58. 0 57. 9 57.9 57.8 

1 S00 52 ea ae es 59. 7 59. 7 59. 6 59. 6 59. 5 59. 4 
1S (pt ee cee ee Pe ae 61.3 61. 3 Gis? 61. 2 61. 1 61. 0 
LAE. O10 ik Oe els aa ta de 2d ay lo 62. 9 62. 9 62. 8 62. 8 62. 7 62. 6 
12050 oe carte eee eee ee 64. 6 64. 6 64. 5 64. 4 64. 4 64. 3 
PAs ce ee ee ae ee 66. 2 66. 2 66. 1 66. 0 66. 0 65. 9 

7451 (1 eee Be Syd Res 2, Bh, SR Pee 69. 5 69. 4 69. 4 69. 3 69. 2 
FAA ||| Rae aera revincts gore ah V3 72. 8 72.7 72. 7 72. 6 72. 5 
748s | Seng ane © Oe a 76. 1 76. 0 75. 9 75. 8 75. 7 
DAO Ly eis fis ee ee 79. 3 79. 2 79. 2 AOR: 79. 0 
Fa | age tea Seer ye Pape 82. 5 82. 4 82. 4 82. 3 82. 1 

OOO S274 ape ed ee eee ee Pon 85. 8 85. 7 sdf 85. 6 85. 4 
2 WOM e 2 Sep La at ae Soe eel 89. 1 89. 0 88. 9 88. 8 88. 7 
SOO aes Bees ee we eee 92. 3 92. 2 92.1 92. 0 91.9 
ZEOOQ': <2 ea Pare ra 95. 6 95. 5 95. 4 95. 3 O5aL 
S000 5-9 2B ee Rae 98. 9 98. 7 98. 6 98. 5 98. 3 

SOO see a ee 5 ee et 102. 1 101. 9 101.8 101. 6 101. 4 
SG; 200 ae a aoe se ees 105. 3 105. 2 105. 0 104. 8 104. 6 
OSU 2 3S! sake Be ee eee 108. 5 108. 4 108. 2 108. 0 107. 8 
S00 Ss eee ee ee eee ® 7 UE Ge ASS itis a 110. 9 
S.5008 22 ea ae BOs ee 114. 9 | as 114. 5 114. 3 114.0 

36002 5.4, 28 Sees 118.1 179 aE? eh L724 117.2 
62 17/1 0 ene So er geet pe 121. 3 1A elk 120. 8 120. 6 120. 3 
= Wet | eae aes Se Wehgat donk A BR. Sentae e 124. 5 124. 3 124. 0 123. 8 123. 5 
SOO as ie A oe eet ee ee IPA Gar | 127. 5 | 127. 2 127. 0 126. 7 
a O00S 32 Seek wee ae eee 130. 9 130. 6 | 13053 130. 1 129. 8 

9612. Velocity From Diagrams 

The diagrams (figs. 187 and 188) may be used instead of the tables in 9611 to find 
velocities. These diagrams are based on the values in the tables but, owing to their 
small scale, the velocities cannot be derived with quite the accuracy that the tables will 
give. But if the values are interpolated carefully from the diagrams the resulting 
velocities should be sufficiently accurate for use in computing echo-sounding corrections. 

One diagram is for velocities for the range of temperatures from 0° to 15° C. and 
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the other is for the range of temperatures from 15° to 30° C. Both diagrams are used 
in the same way. Enter the diagram with the temperature at depth on the scale at 

the top of the diagram and drop vertically to the diagonal line representing the salinity, 
then follow horizontally to the diagonal line representing the depth of the observation, 
and from here drop vertically to the abscissa scale at the bottom of the diagram and 
read the velocity of sound, If the upper series of depth curves is used the upper of the 
two velocity scales should be used, but if the lower series of depth curves is used the 
velocity should be read from the lower of the two velocity scales. 

9613. Velocity Correction Factors 

For deriving the factors used in computing velocity corrections to be applied to 

echo soundings, to account for the deviation of the actual velocity from the calibration 
velocity of the echo-sounding instrument, table 35 is given. The use of the factors is 
explained in 5613 and they are used in the example of velocity correction computations 
in table 20. 

TABLE 35.— Velocity correction factors 

Calibration velocity 
Actual (in fathoms per second) 
velocity 

(in meters 
per second) 800 810 820 

46002 23 —0. 00205 —0. 01438 —0. 02641 
Glee ek —0. 00137 —0. 01370 —0. 02574 
O2hes 2225 — 0. 00068 —0. 01303 — 0. 02507 
Ga 2 be 0. 00000 —0. 01235 —0. 02441 
Gece 2e +0. 00068 —0. 01168 —0. 02374 
(i ie aoe +0. 00137 —0. 01100 — 0. 02307 

664-226 +0. 00205 —0. 01033 —0. 02241 
Cy (Eames = +0. 00273 —0. 00965 —0. 02174 
tf pay Beta +0. 00342 —0. 00898 —0. 02107 
O9ee Leos +0. 00410 — 0. 00830 —0. 02041 

AOL See +0. 00478 —0. 00763 —0. 01974 

[fabian oe = +0. 00547 — 0. 00695 — 0. 01907 
[Dba era +0. 00615 —0. 00628 — 0. 01840 
(a ere +0. 00684 —0. 00560 —0. 01774 
oe eae +0. 00752 —0. 00493 —0. 01707 
7 oe ae +0. 00820 —0. 00425 —0. 01640 

HOPES 2 +0. 00889 —0. 00358 —0. 01574 
(faa +0. 00957 —0. 00290 —0. 01507 
Ufo 4 i +0. 01025 —0. 00223 —0. 01440 
MQ <2 +0. 01094 —0. 00155 —0. 01374 

TRASO +0. 01162 —0. 00088 —0. 01307 

rol LS een ea +0. 01230 —0. 00020 : —0. 01240 
BZ eo +0. 01299 +0. 00047 —0. 01174 
Some = = +0. 01367 +0. 00115 —0. 01107 
ov a +0. 01435 +0. 00182 —0. 01040 
2 +0. 01504 +0. 00250 —0. 00974 

SOpe es +0. 01572 +0. 00317 —0. 00907 
Sie S- +0. 01640 +0. 00385 —0. 00840 
Soe. Se. +0. 01709 +0. 00452 —0. 00774 
ot) eee +0. 01777 +0. 00520 —0. 00707 

D490... -. +0. 01846 +0. 00587 —0. 00640 
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TABLE 35.—Velocity correction factors—Continued 

Actual 
velocity 

(in meters 
per second) 800 

149 eee +0. 01914 
QQ) 2 adhe +0. 01982 
O37 sae +0. 02051 
OAD 2083 +0, 02119 
Ue ae 2 +0. 02187 

OG arse= +0. 02256 
Ca a. +0. 02324 
G8 sears +0. 02392 
99) eens +0. 02461 

1e 500L ez +0. 02529 

0p eer a ed +0. 02597 
022s +0. 02666 
03222 = +0. 02734 
Q4e8 eres +0. 02802 
(je See +0. 02871 

06>2e=—5 +0. 02939 
Ov22225 +0. 03008 
OSes =e +0. 03076 
(0) yey +0. 03144 

Poles == +0. 03213 

hal; Se aes 5 +0. 03281 
W238 ae ae +0. 03349 
Geos 22s +0. 03418 
1A oe +0. 03486 
105) Spee +0. 03554 

ING} ee +0. 03623 
iy, Se ee +0. 03691 
Sees OF 2 +0. 038759 
IE ee +0. 03828 

1 So20E So = +0. 03896 

Dien Boss +0. 03964 
Dep) ae ee +0. 04033 
2) ea ee +0. 04101 
Oh eae +0. 04170 
TAS) Se +0. 04238 

OND) ae eS +0. 04306 
Iie Sse +0. 04375 
Oe ie es +0. 04443 
20 +0. 04511 

153 Oe +0. 04580 

Slee: +0. 04648 
OP eke ek +0. 04716 
SoRee wee +0. 04785 
SAR ee: & +0. 04853 
B59) oe +0. 04921 

3 Ome +0. 04990 
Site +0. 05058 
Be oes +0. 05126 
Oi! i a +0. 05195 

I 5400-822 2 +0. 05263 

Calibration velocity 
(in fathoms per second) 

810 

+0. 00655 
+0. 00722 
+0. 00790 
+0. 00857 
+0. 00925 

+0. 00992 
+0. 01060 
+0. 01127 
+0. 01195 
+0. 01262 

+0. 01330 
+0. 01397 
+0. 01465 
+0. 01532 
+0. 01600 

+0. 01667 
+0. 01735 
+0. 01802 
+0. 01870 
+0. 01937 

+0. 02005 
+0. 02073 
+0. 02140 
+0. 02208 
+0. 02275 

+0. 02342 
+0. 02410 
+0. 02478 
+0. 02545 
+0. 02613 

+0. 02680 
+0. 02748 
+0. 02815 
+ 0. 02883 
+0. 02950 

+0. 03018 
+0. 03085 
+0. 03153 
+0. 03220 
+0. 03288 

+0. 03355 
+0. 03423 
+0. 03490 
+0. 03558 
+0. 03625 

+0. 03693 
+0. 03760 
+0. 03828 
+0. 03895 
+0. 03963 

. 00573 

. 00507 
. 00440 
. 00373 
. 00307 

. 00240 
. 00173 
. 00107 
. 00040 
. 00027 

. 00093 

. 00160 

. 00227 
. 00293 
. 00360 

. 00427 

. 00493 

. 00560 

. 00627 

. 00694 

. 00760 

. 00827 

. 00894 

. 00960 

. 01027 

. 01094 
. 01160 
. 01227 
. 01294 
. 01360 

. 01427 

. 01494 

. 01560 

. 01627 

. 01694 

. 01760 

. 01827 
. 01894 
. 01961 
. 02027 

. 02094 

. 02161 

. 02227 

. 02294 

. 02361 

. 02427 

. 02494 

. 02561 

. 02627 

. 02694 
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9614. Velocity Reduction Factors for R.A.R. 

Hydrographic surveys controlled by Radio Acoustic Ranging (R.A.R.) are plotted 
on smooth sheets by using an assumed velocity of sound of 1,460 meters per second. 
This velocity was chosen so that the corrections to the elapsed times to account for the 
actual velocity will always be positive. (See 7341 and 7631.) Table 36 gives the fac- 
tors by which the actual elapsed times may be multiplied to find the times to be used 
in plotting on smooth sheets on which the distance circles have been drawn for an 
assumed velocity of sound of 1,460 meters per second. 

TABLE 36.—Velocity reduction factors for R.A.R. 

[Factors for reducing elapsed time at actual velocity to corrected time at velocity of 1,460 meters per second.] 

Velocity Factor Velocity Factor Velocity Factor 

1,461___| 1. 00068 1,488__.| 1. 01918 folos2=) LOS 667 
6222s a OONSi 89___| 1. 01986 16___| 1. 03836 
6322219100205 1,490___| 1. 02055 7. |) al (ae! 
64___| 1. 00274 Os MHO2I123 (oan Osos 
65___| 1. 00342 O2S2 S| 102192 LOES2 | SO404s: 
66___| 1. 00411 93___| 1. 02260 1,520___| 1. 04110 
67___| 1. 00479 Ofer 02329 Pal beaes|p Al OES 
68___| 1. 00548 955-2" 1702397 22___| 1. 04246 
69___| 1. 00616 96___| 1. 02466 Ip |) il, OLE 

1,470___| 1. 00685 Of aes I 02534 24___| 1. 04384 
(Mees INO07oS 98___| 1. 02603 yee Me OAA ae 
(2a IE OOS22 99___| 1. 02671 262-_| 1504520 
73___| 1. 00890 1,500___| 1. 02740 27___| 1. 04589 
74___| 1. 00958 OSs I O2Z808 28___| 1. 04658 
UB 22\) SOUR 7/ OP) SAO RAS7/7 2OEIa| I O4726 
76___| 1. 01096 0322251502945 1,530___| 1. 04794 
ie ele OG: @4L =| il Osos 31___| 1. 04863 
2 || 1 ORS? 05___| 1. 03082 322-3 1.04932 
722 | I, Oso 06225035 3322505000 

IPAS OSS | SOs 70 O7S=S MA OS2I9 34___| 1. 05068 
Sime SOL4ss 08___| 1. 03288 S| lh Oils 
S2eee Ola Og O9 Res S103356 36 ne lO b205 
Sones Oa PON Owes le OS420) Sjesaheile O77! 
84___| 1. 01644 TIE | 03493 Sy || ih Chey 
tay ee|| lle COny/119- 122 _S)1103562 BO). o || il, O45 
SOmes| MINORS Seen leOSOSO 1,540___| 1. 05479 
87___| 1. 01849 14___| 1. 03699 

465382—44 AT 



962 HYDROGRAPHIC MANUAL PaGE 882 

962. STANDARD WipTHS OF LINE 

Standard widths of lines are printed by reference to which the draftsman can gage 
the width which is prescribed for use in any given class of drafting. 

0.10 MILLIMETER = 0.0039 INCH 

0.15 MILLIMETER = 0.0059 INCH 

_—S}..s $SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS—SSP7“—“20 MILLIMETER = 0.0079 INCH 

<<< —— 025) MILLIMETERS — OOOSsTNEH 

_——_— =i 80 sSMILLIMETER =0.0118 INCH 

= 0) 40) MILLIMETER = 0.0157 INCH 

nnn () 7 Vil | VEER = 00295 INCH 

Ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee mmm 8} ()() MiiLIMETER = 0.0394 INCH 

Caer 1 50 MILLIMETERS = 0.0591 INCH 

es 2.00 MILLIMETERS = 0.0787 INCH 

963. MIscELLANEOUS CONVERSION TABLES 

For miscellaneous use several conversion tables are included which have various 

applications in hydrographic surveying. 

TABLE 37.—Linear distance conversion—fathoms-meters-feet-yards 

| 

Fathoms to— Meters to— Feet to— Yards to— 

Feet Meters Fathoms Yards Feet Meters Fathoms Meters 

1 6 1. 82880 0. 54681 1. 09361 3. 28083 0. 30480 0. 16667 0. 91440 
2 12 3. 65761 1. 09361 A ey PY. 6. 56167 0. 60960 0. 33333 1. 82880 
3 18 5. 48641 1. 64042 3. 28083 9. 84250 0. 91440 0. 50000 2. 74320 
4 24 16 BiltsyrAl 2. 18722 4, 37444 13}, Ses. 1. 21920 0. 66667 3. 65761 

5 30 9. 14402 2. 73403 5. 46806 16. 40417 1. 52400 0. 83333 4. 57201 

6 36 10. 97282 3. 28083 6. 56167 19. 68500 1. 82880 1. 00000 5. 48641 
7 42 12. 80163 3. 82764 7. 65528 22. 96583 2. 13360 1. 16667 6. 40081 
8 48 14. 63043 4. 37444 8. 74889 26. 24667 2. 43840 1, sess" 76 Buse 
9 54 16. 45923 4. 92125 9. 84250 29. 52750 2. 74320 1. 50000 &. 22962 
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TABLE 38.— Linear distance conversion—nautical miles-statute miles-kilometers 

Nautical Miles to— Statute Miles to— Kilometers to— 

Statute - Nautical : Statute Nautical 
ited Kilometers miles Kilometers miles ais 

1 ils TUSSLE IS 1. 85325 0. 86839 1. 60935 0. 62137 0. 53959 
2 7, BOB 3. 70650 1. 73678 3. 21869 1, 24274 1. 07918 
3 3. 45466 5. 55975 2. 60518 4. 82804 1. 86411 1. 61878 
4 4. 60621 7. 41300 3. 47357 6. 43739 2. 48548 2 Nb Sat 
5 5. 75776 9. 26625 4. 34196 8. 04674 3. 10685 2. 69796 
6 6. 90932 11. 11950 5. 21036 9. 65608 3. 72822 3. 23756 
u 8. 06087 12. 97275 6. 07875 11. 26543 4, 34959 SIL 
8 9. 21242 14. 82600 6. 94714 12. 87478 4. 97096 4. 31674 
9 10. 36398 16. 67925 7. 81553 14. 48413 5. 59233 4. 85633 

TABLE 39.—Temperature conversion 

CENTIGRADE TO FAHRENHEIT 

C2 She XK Cle Cie Oe cine st © “18, 2@ Se 

—2 28. 4 5 41.0 12 53. 6 19 66. 2 26 78. 8 
—1 AiO), 2 6 42.8 13 ney, al 20 68. 0 Dil 80. 6 

0 32. 0 7 44.6 14 il Dil 69. 8 28 82. 4 
1 33. 8 8 46. 4 15 59. 0 Pape 71. 6 29 84. 2 
2 35. 6 9 48. 2 16 60. 8 23 Hear, o! 30 86. 0 
3 37. 4 10 50. 0 1% 62. 6 24 Th 31 87.8 
4 39. 2 11 51.8 18 64. 4 25 hte oe 89. 6 

FAHRENHEIT TO CENTIGRADE 

AM: eC; She AO AN 26; As Ge oH} oe 

28 —2.2 41 BO 54 192, Be 67 19. 4 80 PAT Of 
29 —1.7 42 5. 6 55 12.8 68 20. 0 81 27. 2 
30 —1.1 43 6. 1 56 1183, 83 69 20. 6 82 27.8 
31 —0. 6 44 6:47 Di) 13.9 70 Dilla 83 28.3 
au 0. 0 45 Te % 58 14. 4 71 QI, 84 28. 9 
33 +0. 6 46 hs 59 1s, © Oe: 2252, 85 29. 4 
34 ileal 47 8.3 60 15. 6 73 22.8 86 30. 0 
30 ils 7 48 8.9 61 16. 1 74. PB, 87 30. 6 
36 2, We 49 9. 4 62 16. 7 75 23. 9 88 Sil al 
37 2.8 50 10. 0 63 7 & 76 24. 4 89 S31 7/ 
38 3. 3 51 10. 6 . 64 17.8 77 2500 90 S252 
39 3. 9 52 il, a 65 18. 3 78 25. 6 
40 4.4 53 Wik “27 66 18. 9 79 26. 1 



963 HYDROGRAPHIC MANUAL 

TaBLE 40.—Map scales and equivalents 

(The term ‘‘scale’’ as used in the formulas at the bottom of the table is the reciprocal of the fractional scale.) 

PaGE 884 

12. 700 
15. 240 
25. 400 
30. 480 
38. 100 
50. 800 
60. 960 
63. 500 
76. 200 
91. 440 

101. 600 
121. 920 
127. 000 
152. 400 
177. 800 
182. 880 
201. 168 
203. 200 
213. 360 
228. 600 
243. 840 
254. 000 
274. 321 
304. 801 
335. 281 
365. 761 
381. 001 
396. 241 
402. 337 
406. 401 
426. 721 
457. 201 
487. 681 
508. 001 
518. 161 

_ 536. 449 
548. 641 
579. 121 
609. 601 
635. 001 
804. 674 

1, 016. 002 
1, 219. 202 
1, 587. 503 
1, 609. 347 
2, 032. 004 
2, 438. 405 
3, 048. 006 
3, 175. 006 
3, 218. 694 
6, 350. 012 
6, 437. 389 

12, 700. 025 
25, 400. 050 

Ft. per in. X 

A ; In. per Inches per | Stat. miles | Meters per 
Fractional scale | Feet per in. 1,000 ft. | stat. mile | per in. in. 

at eee 41. 667 24. 00 126. 72 0. 008 
16002222 2. SSSse 50. 00 20. 00 105. 60 0.009 
1 000R= 4s = == 83. 333 12. 00 63. 36 0.016 
11200 2S eae 100. 00 10. 00 52. 80 0.019 
1 b00bs or ee 125. 00 8.00 42. 24 0. 024 
120003. 252- es 166. 667 6. 00 31. 68 0. 032 
1:2'40082 55 ae 200. 00 5.00 26. 40 0. 038 
125002. 325 2s 208. 333 4. 80 25. 344 0.039 
1:3;000 5224 2—- see 250. 00 4.00 21.12 0. 047 

2:3;60022=3- 300. 00 3. 333 17. 60 0. 057 
1:4;000 2222 2 ee 333. 333 3.00 15. 84 0. 063 
1:4:300— 5 a 400. 00 2. 50 13. 20 0.076 
1; 000522 2-= == 416. 667 2. 40 12. 672 0.079 
1:6:000 2s ose 500. 00 2.00 10. 56 0.095 
T7:0005. 3255225 583. 333 1.714 9.051 0.110 
127:2002 === oes 600. 00 1. 667 8. 80 0.114 
7,920 eS! sas 660. 00 1.515 8.00 0.125 
1:8:000s2sS232e-e= 666. 667 1. 500 7. 92 = 0. 126 
1:8'4008=-<2 3 = 700. 00 1. 429 7. 543 0. 133 
FINO ga eee 750. 00 1.333 7.04 0. 142 
129°600 ee SS 800. 00 1. 250 6. 60 0. 152 
110000 2222— 833. 333 1. 200 6. 336 0. 158 
1:10 800222 900. 00 ieahoe 5. 867 0.170 
112;000 =. ses 1, 000. 00 1.0 5. 280 0. 189 
11352002222 232 =< 1, 100. 00 0. 909 4. 800 0. 208 
14-4005 2-2 1, 200. 00 0. 833 4. 400 0. 227 
15-0002 ees 1, 250. 00 0. 80 4. 224 0. 237 
115:600 =e 1, 300. 00 0. 769 4. 062 0. 246 
15840 Se eee 1, 320. 00 0. 758 4.00 0. 250 
11600022 2222 52=- 1, 333. 333 0. 750 3. 96 0. 253 
ATG; 800 25-2 = eee 1, 400. 00 0.714 3.771 0. 265 
TeISOO0L sss 222 1, 500. 00 0. 667 3. 52 0. 284 
1198200" 22=- = 1, 600. 00 0. 625 3. 30 0. 303 
120-0008 f= eee o= 1, 666. 667 0. 60 3. 168 0. 316 
120400 bees = 1, 700. 00 0. 588 3. 106 0. 322 
PALS ee 1, 760. 00 0. 568 3.00 0. 333 
1215600 = == 2 2 5-e= 1, 800. 00 0. 556 2. 933 0.341 
1:22:800 Sse eS 1, 900. 00 0. 526 2.779 0. 360 
1:24:0002-4== SS = 2, 000. 00 0. 50 2. 640 0. 379 
1:25: 0002S2— == 2, 083. 333 0. 480 2. 534 0.395 
APS G80 se = oe 2, 640. 00 0. 379 2. 000 0. 500 
140/000 s- === = 3, 333. 333 0. 30 1. 584 0. 631 
1:48, 000 ase 4, 000. 00 0. 250 1. 320 0. 758 
1625500 = 5, 208. 333 0.192 1.014 0. 986 
1635300 Ese- = es 5, 280. 00 0. 189 1. 000 1. 000 
1:80; 000% 2= "22 e<- 6, 666. 667 0. 150 0. 792 1. 263 
196 ;00022 8223: 8, 000. 00 0.125 0. 660 1. 515 
1:120/000 Seen 10, 000. 00 0. 10 0. 528 1. 894 
125,000 =a 10, 416. 667 0. 096 0. 507 1.973 
26202 10, 560. 00 0. 095 0. 500 2.00 
J#250/000: s-= =.= 20, 833. 333 0. 048 0. 253 3. 946 
12535440 ee 21, 120. 00 0. 047 0. 250 4.00 
FECT TCD Us eee 41, 666. 667 0. 024 0. 127 7.891 
JS15000 00023222 =" 83, 333. 333 0.012 0. 063 15. 783 

Rominlas Seale 12, 000 63, 360 Scale 

(Lesie 12 Scale Seale 63, 360 0. 3048006 

Acres per sq. 
in. 

0.0399 
0. 0574 
0. 1594 
0. 2296 
0. 3587 
0. 6377 
0. 9183 
0.9964 
1. 4348 
2. 0661 
2. 5508 
3. 6731 
3. 9856 
5. 7392 
7.8117 
8. 2645 

10. 00 
10. 203 
11. 249 
12.913 
14. 692 
15. 942 
18. 595 
22. 957 
27.778 
33. 058 
35. 870 
38. 797 
40. 000 
40. 812 
44. 995 
51.653 
58. 770 
63. 769 
66. 345 
71.111 
74. 380 
82, 874 
91. 827 
99. 639 

160. 000 
255.076 
367. 309 
622. 744 
640. 00 

1, 020. 304 
1, 469. 24 
2, 295. 684 
2, 490. 98 
2, 560. 00 
9, 963. 907 

10, 240. 00 
39, 855. 627 

159, 422. 508 

(Seale) 2 

43, 560 X 144 

Sq. in. per 
acre 

25. 091 
17. 424 
6. 274 
4. 356 
2. 788 
1. 568 

43, 560 X 144 

(Seale) 2 

Sq. stat. mi. 
per sq. inch 

(Ft. per in.) 2 

(5, 280) 2 
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964. TRIGONOMETRIC FUNCTIONS FOR CIRCLE-SHEET CONSTRUCTION 

964 

For use in constructing circle sheets (see section 37) a table of natural half-cosecants 
and half-cotangents to four places is given. The values are given for each 10 minutes 
from 1° to 20°, for each half degree from 20° to 50°, and for each degree from 50° 

TABLE 41.—WNatural half-cosecants and half-cotangents 

to 90°. 

Angle % cosec 

° i) 

1 00 | 28..6493 
10 | 24. 5570 
20 | 21. 4879 
30 | 19. 1008 
40 | 17. 1912 
50 | 15. 6288 

2 00 14. 3269 
10 | 13. 2253 
20 | 12. 2811 
30 | 11. 4628 
40 | 10. 7468 
50 | 10. 1151 

3 00) 9.5537 
10 | 9.0513 
20 | 8. 5992 
30 | 8. 1902 
40 | 7. 8184 
50 | 7.4789 

4 00/| 7. 1678 
10 | 6.8816 
20 . 6174 
30 3727 
40 . 1456 
50 5. 9342 

O00! | 95) 7369 
10 . 5523 
20 . 3792 
30 . 2167 
40 . 0638 
50 | 4. 9196 

6 00| 4. 7834 
10 . 6546 
20 . 5326 
30 . 4168 
40 . 8069 
50 . 2023 

7 00 | 4. 1028 
10 . 0078 
20 | 3.9172 
30 . 8306 
40 . 7479 
50 . 6686 

Angle 

10 

11 

12 

13 

14 

6 cosec 

3. 5926 
. 5198 
. 4499 
. 3827 
. 3182 
. 2560 

3. 1962 
. 1386 
. 0830 
. 0294 

9277 

2. 8794 
. 8327 
. 7875 
. 1437 
. 7013 
. 6602 

2. 6204 
. 5818 
. 6443 
. 5079 
. 4726 
. 4382 

2. 4049 
. 3724 
. 3408 
. 3101 
. 2802 
. 2011 

2. 2227 
. 1951 
. 1681 
. 1418 
. 1162 
. 0912 

2. 0668 
. 0430 
. 0197 

1. 9970 
. 9748 
. 9531 

% cot 

3. 5577 
. 4841 
. 4135 
. 3456 
. 2803 
. 2174 

3. 1569 
. 0985 
. 0422 

2. 9879 
. 9354 
. 8847 

2. 8356 
. 7882 
. 7423 
. 6978 
. 6546 
. 6128 

2. 5723 
. 5329 
. 4947 
. 4576 
. 4215 
. 3864 

2. 3523 
. 3191 
. 2868 
. 2554 
. 2247 
. 1948 

2. 1657 
. 1374 
. 1097 
. 0826 
. 0563 
. 0305 

2. 0054 
1. 9808 

. 9568 

. 9334 

. 9104 

. 8880 

Angle % eosec | % cot 

o} if 

15 00 1. 9319 1. 8660 
10 . 9111 8445 
20 . 8908 8235 
30 . 8710 . 8029 
40 . 8516 7828 
50 . 8326 7630 

16 00 1. 8140 1. 7437 
10 . 7958 7248 
20 SUG . 7062 
30 . 7605 6880 
40 . 7434 . 6701 
50 . 1266 6526 

7 00 1. 7102 1. 6354 
10 . 6940 6186 
20 . 6782 6020 
30 . 6628 5858 
40 . 6476 5699 
50 - 6327 5542 

18 00 1. 6180 1. 5388 
10 . 6037 5237 
20 . 5896 5089 
30 . 5758 4943 
40 . 5622 4800 
50 . 5489 4659 

19 00 1. 5358 1. 4521 
10 » 5229 4385 
20 SOLOS 4251 
30 . 4979 4120 
40 | . 4857 3990 
50 A4T37 3863 

20 00 1. 4619 1b, BOB 
30 . 4277 3373 

21 00 . 3952 3025 
30 . 3643 2693 

22 00 . dd47 2375 
30 . 3066 2071 

23 00 . 2797 1779 
30 . 2539 1499 

24 00 . 2293 1230 
30 . 2057 . 0971 

25 00 1. 1831 1. 0723 
30 . 1614 0483 



HYDROGRAPHIC MANUAL 

TaBLE 41.—WNatural half-cosecants and half-cotangents—Continued 

40 

41 

% cosec 

1. 1406 
. 1206 
. 1013 
. 0828 
. 0650 
. 0479 
. 0313 
. 0154 

1. 0000 
0. 9851 

. 9708 

. 9569 

. 9435 

. 9306 

. 9180 

. 9059 

. 8941 

. 8828 

0. 8717 
. 8610 
. 8507 
. 8406 
. 8308 
. 8213 
. 8121 
. 8032 
. 7945 
. 7861 

0. 7779 
. 7699 
. 7621 

% cot 

1. 0252 
. 0028 

0. 9813 
. 9605 
. 9404 
. 9209 
. 9020 
. 8837 

0. 8660 
. 8488 
. 8321 
. 8159 
. 8002 
. 7848 
. 7699 
. 7554 
. 7413 
. 7275 

0. 7141 
. 7010 
. 6882 
. 6757 
. 6635 
. 6516 
. 6400 
. 6286 
. 6174 
. 6065 

0. 5959 
. 5854 
. 5752 

Angle Y% cosec 

0. 7546 
. 7472 
. 7401 
. 7331 
. 7264 
. 7198 
. 7134 

0. 7071 
. 7010 
. 6951 
. 6893 
. 6837 
. 6782 
. 6728 
. 6676 
. 6625 
. 6575 

0. 6527 
. 6434 
. 6345 
. 6261 
. 6180 

. 6104 
0. 6031 

. 5962 

. 5896 

. 5833 

0. 5774 
. 5717 
. 5663 

¥ cot 

0. 5651 
. 5553 
. 5457 
. 5362 
. 5269 
. 5178 
. 5088 

0. 5000 
. 4913 
. 4828 
. 4745 
. 4663 
. 4582 
. 4502 
. 4424 
. 4346 
. 4270 

0. 4195 
. 4049 
. 3906 
. 3768 
. 3633 

. 3501 
0. 3373 

. 3247 

. 3124 

. 3004 

0. 2887 
. 2772 
. 2659 

Angle 

Pace 886 

1% cosec ¥% cot 

0. 5612 0. 2548 
. 5563 . 2439 

Baty) nZooe 
. 5473 . 2226 
. 5432 P22, 
. 53893 . 2020 
. 5356 . 1919 

0. 5321 0. 1820 
. 5288 mally 22 
~ S208 . 1625 
. 5228 . 1529 
. 5201 . 1434 

may WAG) . 1340 
5 ale: . 1247 
5 DUS . 1154 
pay Lily . 1063 
. 5094 . 0972 

0. 5077 0. 0882 
. 5062 . 0792 
. 5049 . 0703 
. 5038 . 0614 
. 5028 . 0526 

. 5019 . 0437 
- 90L2 . 0350 
. 5007 . 0262 
. 5003 . 0175 
. 5001 . 0087 

0. 5000 0. 000 
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965. THREE-LETTER STATION NAMES 

Control stations to which three-letter names are to be assigned in accordance 
with 2151 and 2152 shall be named from the list in table 42. Duplication of station 
names on one survey sheet is to be avoided, but there is no objection to such a duplica- 

tion on adjacent sheets. 

TABLE 42.—Three-letter station names 

Abe Cab Kgo Gem Jap Man Oil Rip Tub 
Ace Cam Elf Geo Jar Mar Old Rot 
Act Car Elm Get Jay Maw Ora Roy . Use 
Add Cat Emo Gig Jaw Max Orb Rub 
Ado Caw End Gin Jib Met Out Rue Val 
Ago Cod Kon Gob Jim Mid Owl Rum Van 
Aha Con Era Got Job Moo Vet 
Aim Coo Erg Gum Joe Mop Pad Sad Vex 
Alp Cop Est Gus Joy Mug Pal Sag Via 
Amp Cow Eva Guy Jug Mum Par Sal Vim 
Amy Cry Jut Paw Sam 
Ann Cue Far Hag Nat Peg Sax Wad 
Ant Cur Fat Hat Ked Nay Pep Set Wag 
Apt Cut Fed Hem Ken Ned Pet Sic Wan 
Arm Few Her Key Neo _ Pie Sip War 
Art Daw Fez Hex Kid New Pin Sir Was 

Ask Day Fig Hid Kim Nig Pit Sis Wax 
Ave Deb Fin His Nil Pix She Wed 
Axe Dif Fit Hod Lad Nip Ply Ski Wee 
Azo Dim Fix Hoe Lam Nit Poi Sky Wen 

Dip Fly Hon Lax Nix Pot Sly Who 
Bag Dix Foe Hop Lay Nod Pro Sol Why 

Bah Doc Fog How Leg Non Pug Sop Wig 
Bat Dog Fop Hub Leo Nor Pup Sow Win 
Bed Don For Hug Let Now Put Sox Wit 
Bib Dot Fox Hum Lip Nub Sty Woo 
Big Dud Fro Hut Liz Nul Quo Sub 
ee Dun Fry Log Nut Sue Yak 
Bob Duo Fun Ice Lop Nux Rag Yam 

Ida Low Ram Tan Yea 
Bon Ear Gad _—_Ton Lug Oak Rat Tap _—-Yes 
Box Eat Gag Irk Lux Obi Rev Tax Yet 
Bum Ebb Gal Its Odd Rig Thy 
Bus Kel Gam Ivy Mag Off Rim Tom Zag, 

But Keg Gas Mal Ohm Rio Toy Zig 
ARTY: Zoo 



97. SYMBOLS AND ABBREVIATIONS FOR NAUTICAL CHARTS 

The standard symbols and abbreviations which have been approved for use on 

nautical charts published by the Coast and Geodetic Survey are reproduced as figure 
189 on 11 consecutive pages, and a section of a finished nautical chart is reproduced as 
figure 190. The same symbols and abbreviations are to be used on hydrographic 
survey sheets, except as specifically mentioned in the text of chapter 7 and as shown 
in figures 169 and 171. For example, depth curves on hydrographic sheets are drawn 
in distinctive colors and not symbolized as on the published charts. 

PacE 888 



(12) 

NAUTICAL CHART 

SYMBOLS AND ABBREVIATIONS 
USED BY THE 

COAST AND GEODETIC SURVEY 

General Remarks 

Soundings are expressed in feet or fathoms as stated in the title of the chart. 

The visibility of lights is in nautical miles for an observer's eye 15 feet above water level. 

N.A. 1927 at the upper right-hand corner of the chart is an abbreviation for ‘North American 

datum of 1927”. 

Longitudes are referred to the Meridian of Greenwich. 

The coastline is the line of mean high water, except along mangrove and marsh. 

Nautical charts, unless otherwise noted in the title, are constructed on the Mercator projection, and 

are computed for the middle latitude of the chart or the middle latitude of a series of charts. 

Heights of land and conspicuous objects are given in feet above mean high water, unless otherwise 

stated in the title of the chart. Elevations of rocks, lighthouses, contours, and hills, are in feet above 

mean high water. Underlined elevations of mountain peaks are in feet above mean sea level. 

Dredged channels are shown by limiting dash lines with the’ depth, month, and year of 

latest examination. 

Explanation of marginal notes may be found in the Coast Pilot, and in the Chart Catalog. 

The use of capitals and the style of lettering given on this sheet is not always rigidly adhered to on 

the charts. 

Caution note: CAUTION 

Temporary changes affecting 

Lights, Buoys and Day Beacons 

Aids which have been destroyed or removed, but which 

will be reestablished and are temporarily replaced by aids 

of different characteristics, are indicated in color by the 

following abbreviations. 

Destroyed, to be reestablished. 

Temporarily replaced by a red buoy.” 

loomee) Temporarily replaced by a black buoy. 

Temporarily replaced by a fixed white lighted buoy. 

Temporarily replaced by a fixed red lighted buoy. 

Temporarily replaced by a flashing white lighted buoy. 

Temporarily replaced by a flashing red lighted buoy. 

Temporarily replaced by a flashing green lighted buoy. = te ie) su} ani Sq} al aal lus) Sol ES i s9 co ODD Gg @ Ww 

The use of colors is optional and some of them may be changed for special reasons. 

Symbols and abbreviations are numbered in accordance with a standard form proposed by the International 

Hydrographic Bureau. 

Vertical figures indicate that the symbol or abbreviation is in accordance with the |. H. B. standard. 

Symbols or abbreviations which differ from those of the |. H. B., or which do not appear on the standard 

are indicated by slant figures. 

Figures in parentheses indicate that the symbol or abbreviation is in addition to those shown on the standard. 

No periods are used after abbreviations placed in water areas. 

FIGURE 189. — Symbols and abbreviations for nautical charts (part I). 
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The Coastline B. Coast Features 

Foreshores 
Bay 

Bayou 

Creek a Mad flats 

Cove 

Strait 

Sound 
Contours 

Passage, Pass 

Channel 

Entrance 

Anchorage 

Co. 
Harbor 

Not rocky, low Island 

d Rock, uncovers at chart datum 
Islet 

Peninsula 
Not rocky, high 

3 Cliffy coastline (Bluffs) Cape 

Head 

Point 

Mountain 
26 Mt. Moane 

4 Sandhills or dunes Range 

Peak 
g Coral, uncovers at chart 

datum (See No. O-!0) 
Volcano 

Stream 

Symbol used only in small areas 

or when a prominent feature. River 

Slough 7 Mangrove If extensive 

12 Breakers along a shore Lagoon 

Thorofare 

Lake 

Pond, Port 8 Swamp or marsh 13 Limiting danger line 

FIGURE 189. — Symbols and abbreviations for nautical charts (part II). 
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C. The Land 

ae 
Contours or form lines 

Snes 
a Nee 

2 Hachures 

Seo 

3 Glacier 

OrReE 

A conspicuous clump or single tree 

of any kind useful as a landmark. 

5 Isolated trees 

wooded 

9 Deciduous woodland 
(woodland of any kind) 

2050 
(tree tops) 

(11) Elevation of top of trees 

oO oO = © CY & & IN 

ie Fi ee > WwW %S& = 

bes NX 

Control Points 

A 

"256 

O ase 

Ne 

*256 
Se 
“ny 

=< 
Ans 

256 

® Obs. Spot 

B.M. 

See View 

Astr. 

Tint. 

Triangulation point 

Summit of height (Peak ) 
(when not a landmark) 

Peak, accentuated by 
contours 

Peak, accentuated by 
hachures 

Peak, when elevation has 
not been determined 

Peak, when a landmark 

Observation spot 

Bench mark 

View point 

Astronomical 

Triangulation 

United States Engineers 

hour 

minute 

second 

meter 

kilometer 

inch 

foot 

yard 

fathom 

nautical mile 

knot 

latitude 

longitude 

correction 

altitude 

height 

FIGURE 189. — Symbols and abbreviations for nautical charts (part III). 
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iE: Adjectives 

and other abbreviations 

gt. great 

large Irg. 

small 

mid. middle 

anc. ancient 

conspic. conspicuous 

dist. distant 

abt. about 

aband. abandoned 

extr. extreme 

concr. concrete 

between bet. 

established estab. 

(24) exper. experimental 

discontd. discontinued 

fil. flood 

moderate mod. 

maintd. maintained 

electric elec. 

priv. private, privately 

prom. prominent 

standard std. 

(33) subm. submerged 

approx. approximate 

cor. corner 

clearance Cl. 

No. number 

’ 

1 | Anchorage | 

7 [prohibited _| 

36 

37 

39 

40 

45 

Se SSeS Se ee 

Harbors 

Winch Anchorage, large vessels 

(see No. P-12) 

Anch. Anchorage, small vessels 

Hbr. Harbor 

Bkwr. breakwater 

jetty (partly below MH W ) 

jetty (small scale) 

pier 

groin (partly below MH W ) 

Anchorage prohibited 

spoil ground 

fish traps 

(actual shape charted) 

fsh. stk. fishing stakes when dangerous 

Ldg. landing place 

Whf wharf 

doi dolphin 

Quar. Quarantine 

Cus. Ho. Customhouse 

B. Hbr. — Boat Harbor 

dock 

dry dock (actual shape 

shown on large scale charts) 

floating dock (actual shape 

shown on large scale charts) 

patent slip (marine railway) 

lock 

Obsy. Observatory 

FIGURE 189. — Symbols and abbreviations for nautical charts (part IV). 
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Topography 

Roads in open country 

Roads on 
small scale charts 

* —||— 
Same grade Ry. above Ry. below 

3 Railway (single or double track) 
Railway (Ry.) Railroad (R.R.) 

Overhead cable 
Cl. 140 ft. 

e@ ---@---#---e----~----e---— 

Power transmission line 

River (R.) or Stream (St.) 

9 Intermittent stream 

10. Lake (LD 

12 Marsh (See No. A-8) 

Ganal Lock 

Ditch . Sluice 

13 Canal or ditch 

j [cl 30 ft. 

14 Bridge (fixed) 

4, ) d--— 

15 Drawbridge, in general 

| 
16 Swing bridge, that can be opened 

—— 
17 Pontoon bridge, that can be opened 

Cl. down 20 ft. 
Cl. up 67 ft. 

(17a) Lift bridge 

a 
(6) Bascule bridge, that can be opened 

A i ll 
TT PTET FP EY ETN TTT CPT TT TTY PTPEPY TTD PETTY CPT PT PETTY Y Perens errr 

Lava flow 

o—--o- ---o0 —---~©-- —-0 -- 0 —--—-0----0 

Log boom 

° ‘ ° ° ° 

subm. pile pile stumps snags 

Submerged piling, piling, 
stumps, and snags 

(29) Tunnel (railroad or road) 

4 Lviaduct 

(30) Viaduct 

FIGURE 189. — Symbols and abbreviations for nautical charts (part V). 
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First St. 

Main Ave. 

Buildings 

When the buildings are prominent, they may be shown 
by landmark symbol with descriptive note. (See No. L-63) 

30 Govt. 

City or town 

(large scale) 

34 Magz. 

City or town 

(small scale) 

Village 

Castle 

Ow INDMILL 

Cemetery 

Fort (actual shape 

charted) 

Airplane landing field 

Airport (large scale) 

Small scale 

Airport (military) 

Airport (commercial) 

Street 

Avenue 

Telegraph 

Post Office 

32) Hosp. 

Government 

Hospital 

Magazine 

Monument 

Cupola 

elevation 

elevator 

elevated 

Ruins 

Tower 

Windmill when landmark 

Chimney 

Stack 

Oil tank 

Factory 

Gable 

School 

High School 

University 

Institute 

Company 

Corporation 

Capitol 

Courthouse 

Cathedral 

Building 

Pavilion 

FIGURE 189. — Symbols and abbreviations for nautical charts (part V1). 
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¢€.G. 
WALLIS SANDS 

Miscellaneous Stations 

Station 

Coast Guard 

(similar to L.S.S.) 

When the building 

is a landmark 

Lifesaving Station 

(See No. J-3) 

Pilot Station 

Position of light 

Light 

Lighthouse 

Aeronautical light 

Lighted beacon 

(Post light) 

Lightship 

Lighted buoy 

Reflector 

Private light 

(maintained by private 

interests; to be used 

with caution) 

Fixed 

Occulting 

Flashing 

Quick flashing 

Interrupted quick 

Alternating 

Group occulting 

Group flashing 

Short - long 

Fixed and flashing 

Fixed and group 

flashing 

© 
W. B. SIG. STA. 

S PIPE 

° 
BELL 

Signal Station 

Flagstaff 

Weather Bureau 

Signal Station 

Flagpole 

Flag tower 

Lookout tower 

Standpipe 

When on land 

Revolving 

minutes 

seconds 

every 

visible 

nautical mile 

group 

sector 

blue 

green 

red 

white 

obscured 

unwatched 

irregular 

temporary 

vertical 

horizontal 

destroyed 

vertical beam 

experimental 

range 

aeronautical 

FIGURE 189. — Symbols and abbreviations for nautical charts (part VII). 
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Buoys and Beacons 

On entering a channel from seaward, buoys on starboard side are red with even numbers, on port side black 
with odd numbers. Lighted buoys on starboard side of channel are red or white, on port side white or green. 
Mid-channel buoys have black and white vertical stripes. Obstruction buoys are green, or have red and black 

horizontal bands. The dot of the buoy symbol, and the small circle of the light vessel and mooring buoy 
symbols, indicate their positions. 

1; . Position of buoy (27) p Fish trap buoy 

2 & Lighted buoy (28) iy Anchorage buoy 

3 OBeELL Bell buoy Maintained by private 
° (29) Y Brin mainta interests; to be used 

; i with caution 
(3a)  QGonG Gong buoy 

31 4.8. Horizontal bands 
4 0 WHISTLE Whistle buoy H.S Horizontal stripes 

32 V.S. Vertical stripes 

a fe fc Can buoy 33 Ghec. checkered 

6 : In bn Nun buoy 41 Ww white 
42 B black 

8 I, 9, g, Spar buoy 43 R. red 

44 YA yellow 
(8a) 8 Checkered buoy 

45 G. green 

12 & db Lightship (46) Br. brown 

g d-Ch | Fixed beacons 
14 J Fairway buoy (Mid. anne!) 52 A A ir 

(unlighted daymarks) 

18 9 Junction buoy (52a) Or pcce Private aid to navigation 

19 6 Isolated danger buoy 53 Bn. Beacon (See No. L-52) 

63 © Landmark 
20 g Wreck or obstruction buoy 

(64) REF. Reflector 

22 & Mooring buoy 

24 o, Quar. Quarantine buoy 

Fog Signals 

Radio station Fog Sig. Fog Signal Station 

Submarine fog bell 
ASIII (mechanical) 

Radiobeacon ; 
SUB-OSC Submarine oscillator 

HORN Nautophone 

Radio Direction Finder DIAPHONE Diaphone 

Station SIREN Fog siren 

HORN Fog trumpet 

Radio tower HORN Fog horn 

BELL Fog bell 

Commercial broadcast WHISTLE Fog whistle 

HORN Reed 

he ar $e GONG Gon 
Naval Radio Direction ; g wera 

Finder Station Doo. Distance Finding Sta. 

FIGURE 189. — Symbols and abbreviations for nautical charts (part VIII). 
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D7) {wreckage 
I Rocks which do not cover; with their elevations (ida Avnumbersohisinleniwrecks 

above MH W 

Pals 
* uncovers 2 ft. # «.... Obstr 

atL W 
(14b) Obstruction of any kind 

2 Rocks that cover and uncover, with heights in 

feet above chart datum + 

16 Sunken wreck, not dangerous to surface 
navigation or over which the depth 

(3a) When rock of No. 2 is considered a danger exceeds 10 fathoms 

to navigation 

oe Foul ground 

(4a) Sunken rock below chart datum; 

depth not known tide rips 

free Overfalls or tide rips 

(46) When rock of No. 4a is considered a danger 
to navigation eddies 

Eddies 

22 Rk 
Woe ee 

(4c) Shoal sounding on isolated rock replaces symbol 
Kelp, any kind 

121) px 2 we 24 Obstr 
bank 

(6a) Sunken danger with depth cleared by wire drag s shoal 

(Feet or fathoms) breakers (see No. A-12) 

obstruction 

wreck 

wreckage 

10 Coral or rocky reef (below chart datum) 

See No. A-I1g covers 

uncovers 

reported 

11 Stranded wreck (any portion of hull above 

chart datum) shoal reported 
reported 

eee P.A. position approximate 

12 Sunken wreck with only masts visible PLD. position doubtful 

13D) existence doubtful 

Pos. position 

14 Dangerous sunken wreck with less than 10 fathoms D. as betel 

of water over it (See No. 6a) 

FIGURE 189. — Symbols and abbreviations for nautical charts (part IX). 
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fe Tides and Currents 

Leading line (Range line) high water 

higher high water 

Limit of sector 
low water 

Channel or course 
lower low water 

recommended 

Alternate course mean tide level 

mean sea level 
Submarine cable ; 

mean high water 

mean higher high water 

bmarine pipe line 
Su PIP mean low water 

ae her iat mean lower low water 
Maritime limits in general 

stream 

Limit of fishing zone 

(fish trap areas bounded 

by orange lines) 

current, general 

flood stream 

Limit of dumping ground 

(see Nos. P-9 & G-13) ebb stream 

Anchorage limit velocity 

knots 

Limit of airport 

International boundary 

(also State boundary) > 
aa Current Diagram 

Ice limits 

Boundary 

Bdry. Monu. Boundary monument 

_—— Reservation line 

Soundings 

No bottom sounding 

Dredged channels 

(controlling depth 

may be shown in 

separate note) 

Swept areas (shown 

by green tint) 

(not yet covered by 
sufficient hydrogra- 

phic surveys to show 

adequate soundings) 

(16) =6- SS Stream 
Or 10 fathoms and 

greater 

FIGURE 189. — Symbols and abbreviations for nautical charts (part X). 
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Quality of the Bottom 

ground fine 

sand coarse 

mud soft 

ooze hard 

marl stiff 

clay small 
gravel 

pebbles 

stones 

large 

sticky 

broken 
specks 

Rk rock 

Bld (s) boulder (s) 

Ck chalk 

Go coral 

Go Hd coral head — 

Vol Ash volcanic ash 

lava 

rocky 

speckled 

gritty 

flinty 

glacial 

white 

black 

blue 

green 

pumice 

cinders 

shells yellow 

red oysters 

sponge brown 

grass gray 

globigerina light 

diatom dark 

north 

WW LLTE ayy east 

ad? south III eZ 
\ | i "Wy, . west 

northeast 
\\\\ 

[nny 
southeast 

06 

Ny LUTATTNTNOS. 

WNIT 
270 

southwest 

ye 
northwest 

\ 
\\ 

WS 
bearing 

ye 
6 \y magnetic 

ih 
8 Yj 1 

Myf; 
variation 

degrees 
The outer rose is in degrees with zero 

at true north. The inner rose is in points 3 deviation 

with the arrow at magnetic north. 

FIGURE 189. — Symbols and abbreviations for nautical charts (part XI). 



- 

Z ' ys 

| | | a abe wn “Le wo 

4 | 

’ Dp ig? ya 7 el 
“dé we! 9) me ee 

c 

ey 
io 

n la ido at a ane, whl ih ‘ ye “oe é 



*
(
P
e
o
n
p
e
s
 
APQY 

S
I
S
)
 
J
I
e
Y
O
 
[
P
O
I
Y
N
e
U
 

payYsiUls 
JO 

U
O
T
J
D
E
g
 
—
 

“HBL 
A
U
N
D
I
Y
 

ME SPR LT 

. 
="
 

py
Ur
le
w 

Al
ig
 

a} 

Spse, 

5 z ce saat 

a}IW 
j
e
o
a
n
e
n
 z
 

2 
: 

:: 
f
i
 

6a 
s
 

f 
ON 

M
I
T
W
 

Ie 
Uf 
G
 
S
a
n
o
o
u
n
 

se. 
|
 

p
a
p
o
o
m
 

—_
—{
3'
s'
n)
 

sse
uni

ay 
ZA

 
~ 

h
y
 

aN
 

3 8 &
 

(s
d0
} 

92
4}

) 
E
S
S
 

ig
: 

M
a
a
a
s
e
n
e
’
 

\
y
 

\
s
o
z
 

FF
 

6 
ae

 
Os

t 

NUT 

int 

n: pajsode.si G > 

Hin hil 

me 
eee 

3uL 
al 

<Sao) 

es 

WA
LV
M 

MO
T 

UA
MO
T 

NV
AK

 
LV
 

S
W
O
H
L
V
A
 

NI
 

S
O
N
I
G
N
N
O
S
 

000K 
aTeIG 

T 

(88 LYVHO SN/IOP) 

£ 

- 
\ 

L761 
W
N
 

e
y
 

M
E
M
E
S
 

N
O
M
I
T
V
 

O
L
 

S
H
H
O
V
O
U
d
G
V
Y
 

%. 



€ 
i
.
 

=
 

=
 

~~ 
e
g
 

A
 

O
E
 

I 
E
S
 
i
O
 
N
T
 
O
I
E
 
E
I
 
a
I
 

ON 

- 
. 

* 
i
r
 

~
e
 

_
 

7 
= 

. 

; 
$
e
 

7 
=
e
 

—
 

a
e
 
=
 

~ 
t
e
t
.
 

-
,
 

_
 

—
 

= 
a
 

e
e
 

=
 

—
 

: 
™ 

2 
bie 

= 

7 
=
 

a
l
 

= 
7 

=
 

e
l
i
e
:
 

ves 
a
t
 

ae 
a
u
t
 
J
A
O
H
T
I
A
 

“
=
 

, 

o
m
 

2° > 

OWE CHL 88) 

fe 

= 

cc Oe 

W
S
N
 
M
a
e
 

; 
i 

|
 

‘ 
| 

Tt] 
; 

el 
t
e
 

z
 

: 
\ Si 

u
l
 

5) 
)
 

e. 
o
p
 

® 
es. 

* 
; 

' 
) 

A
B
 
e
r
e
v
o
o
w
 
F
 
'
 

i 
‘st 

i
 

L 
.. 
|
 

W
i
I
2
M
 

ts 
i 

; 
' 

o
s
!
 

U
e
t
a
r
o
o
t
 
e
t
d
 aiiel t

a
r
s
 
lasituan 

hedaiai? 
Yo 

doisve! 
— 

08f 
a
r
u
o
r
t
 



INDEX 

(The bold-face numbers in the left-hand column are the item 
numbers accompanying text headings. See preface for explanation 
of these numbers.) 

A 

Reference 
No. Page 

Abandoned light structure(s)_--.-...-_----.---- 7841 740 
ISTH CS eee eee Se eee) ae 7843(d) 741 

Abbreviations 
for use in Sounding Record (list)_____.__-__-- 8111 758 
Nautical chart —— (illustrated) _--------- fig. 189 fol. 888 
Standard —— for sounding (/ist)________-_-_- 8111 758 
Unusual —— to be explained in Sounding = 

Abbreviations, standard, (lists), where pub- 
Waal 22 aks ee Ee 917 841 

Absorption of sound (see Sound, absorption of) 
Acoustic(s) 

Books; reterence (Uist)—--___ -=- 22 <==. 2-223 9534 871 
distances (see R. A. R. distances) 
energy, transmission through elastic medium_ 621 558 
Tesistance wGenmitlOn-=-— 220-2 a soe 6221 561 
resistance of air and water compared_-___----_- 6222 564 
unit(s) (see also Transmitting units, acous- 

tic, and under name of specific instru- 
ment 

draft (see Draft of acoustic units) ; ji 
A 5 54 503 

locationsimiportance of-. -—-.-----------==- { 543 505 

Radiation angle of Veslekari —— ______---- 5273 497 
SCDArALIONMEe tee ts ene So PEEE Ses Sey ee 543 505 
Settlement and squat effect on —— ____-_-_- 553 513 
tank speeciicationssss4- 239" Use aoa ysis 543 505 
Transmitting —— (see under name of 

specific instrument) 
Wave reneritione = -— == Rates ees 5161 449 

Adjustment of dead reckoning_---------------- 3378 237 
Aeration 
 RUSCS Er ee an nee ees os as See 5143 444 
Chin HOMME 2 eee ee es) SE 5143 444 
effect on echo sounding---_------------------- 5143 444 
ICS Ol —— eee 623 566 

Aerial photographs (see Air photographs) 
Agencies, Federal, listed in Coast Pilot appen- 

Cb ee 9135.B(4) 820 
Ahead and stop properly noted in Sounding ae 761 

RC COLG ee see as = 2 tos See eee 8142 762 
Aid(s) to navigation 
Aeronautical —— ,Coast Pilot requirements. 916 825 
Buoys (see Buoys, navigation) 
characteristics differ from published data____ 853 798 
Charted —— compared with smooth sheet_._ 9345c 857 
Coast ellotrequirements=e5-—- 2s oS 916 824 
data compared with Tichtbistes soe 784 740 
Dates of position determination required__-_ 383 299 
Descriptive Report requirements_-_---------- 842P 790 
Distances from sounding lines estimated __-_- Eo f) 766 

57 
Baas tes —, where to make report - - mee 798 

ixed — 
abandonedsaslightsse. see sees ene eae 7841 740 
characteristics published incorrectly - --_--- 784 740 
ID ESCHIP HONS eee aa eee en. Ses 2142 63 
incorrectly charted, report on_------------- 174 57 
NI PIEISECEOIS es eae es Fes 7841 740 
Ibo wraGehined masa ta 5 ee ees 916 826 

Lighted —— described in Coast Pilots__-__- 916 834 
named incorrectly in records_______----_----- 7843 (a) 741 
positions determined by triangulation -_ -__- 3831 299 
HOSILIONSSTepOrtin ges Peeks ae 8532 799 
Rebuilt; ——, statusi-3 5 eee eee 7841 740 
reported by Coast Pilot reviser______._-_-- 91334 814 
ViSiDillnyerang Os —— ea sens eee es TE Bt 7841 740 

Floating —— (see also Buoys, navigation) i 
Gand 8 739 

SyINDOlMZ ALON a9 ae ee ee 7842 740 

Intracoastal Waterway —— ___-------_------ i 823 
F : : : 74 57 

Lighted —— found extinguished, reporting - Aang 798 

465382—44_5 8 

Reference 
No. 

Aid(s) to Navigation—Contipued 
located by graphic control survey------------ 237 
TAM ECS Ys 2 Lew a ee ee 7843 

‘Onl Smoothi sheets aan aenan anaes nn 7843 
toagree with Wight List. -_-==9 eee 7843 
sedsiniConstePtlotseee ne eee 916 

New —-, recommendations for_-.._---.---. 8531 
INonfederal 22805 se eee ees 3834 

916 
Coast Pilot requirements2———=2=2>— == == === 916 

916 
Descriptive Report requirements-_-_-_----- 842P 
located by hydrographer_.__-_---_--------- 3834 

Offshore —— located by R. A. R__------_--- 3832 
‘On SMMOOLHISHECTSEe ee a ne ee 9338 
positions to be determined_--__--------------- 383 
reported separately from landmarks__-_-----_ 8532 
Reports requiredaastes. 3 a) ee eee 853 
Smooth sheet, all —— to be shown on___-__-_- 784 
Stationynamese= sos 22 oo ss 7843(a) 
syimbolization= == a ee 784 
Unofficial —— (see Aids to navigation, non- 

federal) 
Verification of —— en route___-_------------ 174 

Aras) a reflector OLSOUnGe ses an ee 5571 
Air photographic surveys (see also Planimetric 

Maps). eee ees 2 2 239 
‘Accuracyarequirementsse. =) = eens ese ae 232 
Boat. sheets! from: — = - == =s==22-22---222=2=- 3224 
BOOKS references (lish) ean see ee eee 9533 
Control for ——, frequency requirements___-- 2231 
Control for ——, locating -._--__------------- 237 
Control stations described on —— ----------- 733 
Hydrographic sheets from —— _____--------- 733 
Ozalid prints oft ——$ J Ae ee ee eee 7332 
Requirements for —_ eee 232 
Sealeirequirementseass-= =) eee ee 232 
Tracing-paper prints of —— __-__------------- 7331 
Transfer of details from photographs to maps_ 2394B 

Air photograph(s) (see also Air photographic 
surveys and Nine-lens photographs) 

Camera altitude (formula) -_--.-------------- 2221 
Dangers and shoals detected on —— __------ 3624 
Defect on one —— may be mistaken for rock. 3624 
Elevations determined from —— (formula)__ 2221 
Image displacements on —— ____--------_--- 2391 
Information obtainable from —— _____------ 1332 
Mapping fromim— . 2228. safes. Sei es = 2391 
Project study, use of —— for_.-------.------- ie 

ee 3 39 
Radial-line method of plotting —— _-___-_-_- ee 4B (3) 

Reconnaissance, use of —— in__-____- eat ee 2221 
Rocks, —— examined for evidence of-__----_-- 363 
AW Lb sic Re — 0, ee ieee Re ted Le ee ae 2391 
How to recognize —— ___-_--_-_----------- 2391 

Triangulation line clearance determined 
fOr eo eee ee os See ed 2221 

Water areas, conditions for taking —— of____ 3624 
Water surface may indicate shoals__________- 3624 

Airway beacons described in Coast Pilot___--- 916 
Alaska, Baker’s Geographic Dictionary of__--- 1672 
Alaskasreodeticidatumsin==--- 9-2 --es eae 2171 
Alcohol, used to clean instruments____--------- 4313 
‘Algebraic derivation of velocity corrections (see 

also Velocity of sound corrections)_-_ 5611 
Alidade, telescopic (see Telescopic alidade) 
Altitude rate-of-change table- ----.-.-------_-- 3385 
Aluminum-mounted topographic sheets (see 

also Aluminum sheets-_--.-.---------- 233 
Accuracy obtainable on —— _-__------------- 233 
IAGIVANITAP ESE es Hao = ee A ae 233 
Description == — -s2 266s See eee 233 
required for topographic surveys------------- 233 
submerged! in’ sea*water__.__. -2----_----____- 233 

Aluminum  sheet(s) (see also Aluminum- 
mounted topographic sheets) aria 

5 
Control buoys located graphically on —— ffi 

74216 

889 
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Reference 

Aluminum sheet (s)—Continued. No. Page 
Data from —— transferred to smooth sheets__ 713 660 
GiIMenSiOnS os 2-5 f= EN ee te ee eee ee 7131 661 
onamMeled) ——— > ==. = 5 S22 ot Sees see Fe ee 7132 661 
Grained(—— 2-62. es ee a eee 7131 661 

IDIsposal= 22-4 222 TE ene sane ewes 7131 661 
Ink lines on ——, removing__-__----------- 7131 661 
Penceiling Onl ——— =. 3 oe oa ae ee 7131 661 
Pencil marks on ——, removing_------_---- 7131 661 

not used as smooth sheets--------_- meee: 713 661 
Painted — = oo site" 2 na eet eee eee ease 7132 661 
Paper-mounted———'_- 22 2b eo eee 7133 661 
Preparation of ——, method___----__-__--- 7133 661 
Warping tendenc ys ee 7133 661 

American Ehsloeophicdl Society, Transactions. 6322 583 
Kongio Corporation: =~ =) a 2813 164 
Ammunition magazine, care of__-_-------_----- 666 623 
Amplifier, audio, of sono-radio buoys (see Sono- 

radio buoys, amplifier) 
Amplifier, chronograph (see Chronograph am- 

plifier) 
Amplifier(s), echo (see also under name of spe- 

cific instrument) 
enaracteristics see ee eee 5163 453 
Gescription Ses = as oo Se ee eee 5163 453 
Dorsey Fathometer No. 1-_------------------ 5242 + 475 
Dorsey; Hathometer No, 32 - = )—=-- eo ee 5262 482 
IPUPpPOSC: + 448 2 eR 5163 453 
Sil2sWathometers- =: 54-22 soe = as eee eee 5214 458 
Time-lag variations in —— ________________-- 5163 453 

Anchorage(s) 
Const Pilot mequinements =>) s= 225 ee 916 825 
Recommended ——, Descriptive Report re- 

quirements! s:5— sso eee ee 8420 789 
regulations given in Coast Pilot_______-____- 916 825 
selectedsin advance: --=42+--22=5. 22-4222 1334 20 
Sounding-line spacing reduced in —— _______ 354 272 

surveyed in advance of use_--_-------------- { Lee eee 

Anchor cable, buoy, scope (see Buoys, survey, 
anchor scope) 

Anchor-detaching apparatus for buoys, de- 
Scriptionees = 2s. Pas ee eee ee 2834 174 

Anchoring buoys (seeBuoys, survey, anchoring) 
Anchors, buoy (see Buoys, survey, anchor) 
Anchor, ship’s, bottom characteristics from 

Material one = 4s ew SE ae 3841 302 
Angle(s) 

Inclined —— (see Inclined sextant angles) 
observers in three-point fix control________--_- 3413 251 
plotted without protractor (see ‘‘Circle’’ 

sheets) 
Plotting —— with a three-arm protractor__-_- 4534 375 
Sextant —— (see Cuts, sextant; Sextant an- 

gles; and Three-point fix) 
errors (see Sextant errors and Sounding 

Record, errors) 

Third —— required at detached positions_ iy on 

Anglemen in hydrographic surveys, duties__-_- 3413 251 
Angle of emergence, definition________________- 6232 570 

pate wae 6221 561 
Angle of incidence, definition__-______-_----__-- (es 571 

Angle of refraction of sound_-_-_----------------- 6222 563 
Annual report, requirements__________--__----- 8516 796 
Anomaly, magnetic, evidenced by discrepancy 

between magnetic and gyrocompass__ 442 339 
Antenna at R. A. R. shore stations____________ 2615 150 
Amtenna: shipstoruk Ache ee ee 6723 631 

Directivity test of —— ________-_-_-_________- 6723 631 
Requirements as. 2-25 sae eee ee 6723 631 
Testing effectiveness of —— ___________---__- 6723 631 

Apparent horizontal velocity (see Velocity of 
sound, apparent horizontal) 

Arago, Dominique rane oiswienner = se saeee — == 512 439 
Arcs 

Constructing —— on “‘circle’’ sheets___ ___ 3741c 290 
Distance —— R. A. R. (See R. A. R. dis- 

tance arcs) 
Instrument ——, graduated, cleaning ------_- 4313 332 

Area(s) 
Dangerous ——, surveyed from launches__-_- 361 276 
Foul — (see Foul areas) 
TePOrisiweG Mines a==— ee ee 8351F 785 
Unsounded —— 

described in Sounding Record____---_-___- 815 767 

symbolization=<==:--2--- 4-22 eas ee ed 

Arming) SOUNnGIN Nea a ee ees 4664 398 
Arrows, use on smooth sheets_-__-------------- 7914 749 
Astronomic 
azimuths 

from Captain Weir’s Azimuth Diagrams___ 3382 239 
fromitables! see a ee ee 3382 239 
in triangulation, probable error____________ 223 75 
to\check: eyrocomipass==- -=—- 95-2) | eae 442 339 

Reference 
No. 

Astronomie—Continued. 
control 

Dead reckoning abstracted on Form 722_. Sher 

records and reports required______________- 8351E 
line(s) of position 

A COUYRCY = 2252 os sone eee eee esse eee 3384 
combining —— to form rectangular figure__ 3387 
Dead reckoning adjusted to single —— ____ 3383 
Finding position from —— _______________- 3387 
One observation, value of_____.____________ 3383 
Plotting — 297 = ae a 2 3387 
Plotting —— on smooth sheet____--__-_____ 764 
Position derived from —— _______________- 3387 
run Upor back in plothing=-2---=— = eee 3387 

observation(s) (see also Sextant angles, ver- 
tical, and Star sights) 

A\ccid ental CrrOrs Of ——2 ee ee 33844 
2535 Accuracy: 5-355 -3- e (3384 

Altitude change, effect of.__.__-._________- 3384 
Altitude change, predicting _______________ 3385 
Formula for: —— > = ae ieee 3385 

Altitude of observed bodies, preferable____- 33874 
azimuths 

from Captain Weir’s Azimuth Diagrams_ 3382 
from tables:.s* =~" sae eee 3382 

Compensating errors in —— ______________ 3387A 
conus: <ose  e 3382 

Accuracy... sot Se eee 3382 

Control buoys located by —— ___-_--____- (oan 

controlling a running survey____________- __ 3941 
controlling sounding lines 

Records required = 2 ==) ae 8313 
r 3322 

Wihere ised 22" 535220 ee eee {3323(¢) 

Dead reckoning sounding lines, when —— {3371 
arerequired.in-S:- "22-5 aoe 338 

@rrors}.- 52. 254.22 Ley Se el ete See 33844 
errors in east-west direction__________-____- 3384B 
experience necessary for good results_______ 33844 
Horizon distinctness important____________ 3384C 
Hydrographic surveying, use of ——in____ 338 
Intervals between successive sights___-_-__- 3384D 
Log readings correlated with —— _________ 3381 
Row: altitudesin bropics] =e aan ae 3387A 
Night a eee 3387A 
Observer’s elevation, varying___-__________ 3384C 
Observing \precautions=--<" = = 3384D 
Observing sequence in morning and eve- 

Tinea Sees} eee ae eee 3387A 
Personaltemorss 22 ee ee 3384B 

Ratings ——— et eS eee eaar 

3382 
records, transmit pale s2-= [a7 

8313 
Time @rrorsiili—— 2s. 8 eee 3384B 

‘Efect aie 8 2 ee ee eee 3384 
Orme s= 2 a St ee 3384 

Time of ——, marking ________________-___- 3384 
3384E 

Weighting = ts fee ee ee 3385 
3387 

positions, plotting on smooth sheet_-_--_____- 764 
Astronomy, reference books (list) _____________- 9533 
Atlantic Coast, transmission of sound along _- 6233 
Atlas Werke Company=--- === ee 533 
Attenuation of sound (see Sound, attenuation of) 
Attenuator, circuit diagram___________________- 6542 
‘Attenuator descriptione = = 6542 
Automatic key, former use in R.A. R___-_____- 6852 
Auxiliary vessels (see Vessels, auxiliary) 
Awash rocks (see Rocks, awash) 
Azimuth, back (see Back azimuth) 
Azimuth circle 

Cleaning —— after use____________---___-_---- 4312 
Mescriptione==. 222 3 eee ee 4433 
Testing —— by compass ashore_-___--------- 4433 
Testing —— on planetable___---_--------_-_- 4432 
with telescopic sight (see Telescopic alidade) 

Azimuth diagram, Captain Weir’s ____-_______ 3382 
Azimuth marks at triangulation stations_______ 226 
Stamping disk in moved —— ____-_--------- 2263 

Azimuths from piers for gyrocompass use_----- 356 
Azimuths of navigation ranges 
determined by hydrography____------------- 3833 
determined by topography_--__-------------- 3833 

Azimuth, sun (see Sun azimuth) 

B 
Back azimuth computation____~_-------------- 942 
Back azimuths needed in buoy computations__ 2523 

Page 



Reference 
F No. 

Baker’s Geographic Dictionary of Alaska_____- 1672 
Baldwin piano unit in R.A.R. chronograph____- 6731 
Bankeinshore, dermnitiones. 2) sees see 1682e 
Bank, offshore, definition_-..--_-.___-------__- 168la 
LAR OKO RG nen eee Se ee 916 
Banks, sand, low-water limits on smooth sheet_ 7862 
IEEICHECIG(S) same sameness 557 
apparatus 

SEVAN SOMO Tea oe hee ae ee 5571 
IDR Grn o Ato eo ee ee eee ee 5571 
GIMENO Stee ees eee hla 2 ae Le 5571 

AUD NASCICHAN GOS ass er eee oe ae = ee aS 5238 
TEC HEN G yi Ol mn ee ee a 5572 

fomshoalisoundings= 9. _ os Pe 5572(a) 
for soundings deeper than bar check_______ 5572(b) 
for velocity, correctionS:--- =. Vl Url Serre 5572(e) 
imbexposcdhwaterssas-2 ee Ee Pe Det 5572(c) 
LoproLeckedswaters..----=-.-.-__.--_-55% 4 5572(a) 

Index adjustment by —— _.________________- 5572(d) 
Instrumental error determined by —— _____- 5521 
Maximrmid epi heea 2 62) Salo ds eu te? See 557 
TaaC{ MOOG ly GIBLO MORMON sk et oe see 557 
Minimum Gep thee 242 Moelle stu Sees 557 
Vela ilityOR———— = 557 
WSS Cli ee ee eee age 557 

Velocity corrections determined by —— _____ ae 

Bare rocks (see Rocks, bare) 
Barrels, oil and gasoline 

Reserve buoyancy of ——_____________ eee all 
Type used for sono-radio buoy___--_-_-----_- 2841(A) 
used in buoy construction. --_:.--_.2---.__-- 281 

Bars 
Low-water limits on smooth sheets__________ 7862 
Navigable —— 

Coast Pilot requirements_-_--....-..---.._- 916 
Least depth in half feet on smooth sheet___ 7713(a) 

SOMNGM POM mn 2 2 SSS ee ee 356 
Base of operations, advance selection of________ 1334 
BAseSunht mane mlagionss-----s2-==.5 sain teri sy 212 
SQUITeHIGHT See saan ean eee ena ™ Be Ios 223 

Base tapes returned to Washington at end of 
SQRSONE =e — oe soar ee we oe ese 1371 

Basic hydrographic survey, description________ 351 
eChan, Cljahiiion ss 4S ee eS ee 1681) 
Bathythenmosraph os. PT 473 

Bimetallic-reed type, description. __________- 4731 
Bourdon) type; description _2._-_---. 2-2 _-- = 4732 
Calibration graph for —— ___________________ 4733 
GUASS ISIC esbie see sue ES = Pan = Ee ee ed 4733 
Giassislidessresmoking= =) ==25s20) 75>. es 4733 
Projector for enlarging —— records__________ 4733 
ECOL S oeepee ee eevee ie cyte poe = 2S SA TS 4733 

Batteries, dry, for use on lighted buoys________ 2813 
Batteries for echo-sounding instrument (see un- 

der name of specific instrument) 
Bhy, Gein pone a. =o See Se eee nee 1682a 
RavOURGOHMmifionees: she = s- = 2s ee ee 1682c 
PACH MOO NINIIOM aes fed a 8) Te 916 
Beacons (see also Aids to navigation, fixed) 
Airway —— described in Coast Pilot_______- 916 
Coast Polot requirements___________-_______- 916 
Designating —— on smooth sheet___________-_ 7843b 
Where numerous, triangulation may not be 

ME CESSATY =a ee ere ee La eee kee ae 3831 
Beam compass 
IDI GY Hoya. 8 es eS eae ee Ses rin 

Use....--------------------+----------------- (iat 
Use in “‘circle” sheet construction _-__--_-...-- 3741c(1) 
UWisednuplopringyReeAnwh sesso. 2 22 SPO ey 7631 

Bearing repeater, of gyro system______________- 4422c 
Bearings 

as aids to navigation, surveyed and described_ 356 
WoastePilotusagets = ee at ee 916 
Clearing ——, Coast Pilot requirements eae 916 
Compass —— 
UA CCUL ACY iam ee oe ee 8 3361 

3323¢ 
SSICONtTONG At ass ere i eh dy ieee 

as supplemental control, accuracy________- 7636e 

byspelonms;correctinges= == ee \ii6 

Magnetic ——, precautions in taking_____- 4434 
Plotting —— on R. A. R. sheets__________- 7633 
ROCOR GLE meen ee ee ey Pe 124i 
Recording —— in Sounding Record_______- 8146 
Series of —— to one object________________- 3361 
Symbolization on R. A. R. sheets________- 7637 
to distant objects, method of observation___ 4436 

for use in navigation, symbolization_________ 7845 
8 1 nn et ER i ee reef 4443 
ZA COUTAC Vaan meee ee SEE ee eae eee 4444 

A . 4443 affected by intervening land_______________ { 44449 

INDEX 

Bearings—Continued. Reference 
Page Radio—Continued. No. 

53 Deviation, correcting —— for__-------____- 4444¢ 
633 Distancelimitatione ssa. 425-2) sae 4444c 
55 errors proportional to distance_____-______- 4441 
54 IND TOMeChassa == ae eee Be abt. 2 4444; 

825 Plotting —— on a Mercator chart__________ 4445 
743 Precautions in using —— _____-_-_-_______ 4444 
526 Reciprocal —— may be read_-_-_---------_-- rire 

527 referred to magnetic compass_-_-____-__-____ {att 
526 4444 f 
526 444 
473 Sharp Minimo eee ee 4441 
527 44445 
527 Behm lexan eyecs--2 oe ee nea ee ee 512 
527 Belknap-Sigsbee specimen cylinder (see also 
527 Detaching rod) 
527 i eseriptione..- <2 0-5 =— sei see ey ah 4744 
527 used in serial temperature observations. _____ 6321 
527 Bench mark(s) 
512 of other agencies, topographic location of____ 236 
526 Tidal —— 
526 elevations and descriptions furnished ______ 1215 
526 INAUboo ol Nhat —— 7 ne ee 1433 
526 requirements for tide station___.___________ 1433 
526 Topographic location of —— _______________- 236 
527 Besselisispheroldeee =: = a ec eae Same 2871 
538 Leskealayne (Co abenl| myo, Sees ee reer ee oe 16824 

Bilby steel tower (see Steel towers) 
Binocular telescope, sextant (see Sextants, 

163 telescope, binocular) 
178 Bisectrix in R.A.R. ey 
163 agi Avoiding a ——______-- cB PE Se OR EA dy ee 

743 Definitions =e aes see eee SE ee 6814 
Effect of —— on direction of sounding lines__ 6831 

825 Plotting —— on boat sheet_____-_-_--__-_____- 6814 
715 Plotting positions near —— _________________ 6823 
274 IBISECinixe Insta XOS geno = a eee eae 3387 
20 Bludworthyspihometers===5 9a 529 
61 amplifier secholasss sea. 2) a see ee 529 
75 depihinan geome sa ee ee eee ee ee 529 

Descriptions oa eee ee Pee Bie 529 
o7 fAtTHOSTAMPDaADeh cesses a ee eee ee 529 

267 magnetostrictive units, description —------_-. 529 
54 magnetostrictive units, installation________~- 529 

406 motor speed (controls=—— sae ees ee 529 
407 phases eERe ne Lr Beer sices 529 
407 Bludworth, Incorporated (see also Simplex- 
408 Bludworth Fathometer) ----_-------- 522 
408 Blue ink, photographic reproduction of-___-___- 1315 
408 Blueprints of other organizations, correlation 
408 TEQUITSMIeN tse. ee LE eI ee es 916 
408 Blueprints of uncontrolled surveys (see Maps, 
164 projectionless) 

Board on Geographical Names_-_-__---_-_--__-- 167 
decisionSe eee eas en 2 Lae eee 1671 

54 How. are;made.- 22-2 = - 2. Be 1671 
55 Publication) Of m— S252) ae Be eer eee 1671 

825 GUtIEs =~ eee en tate es ee Re ee 167 
Guiding principles of —— _______________---- 1671 

825 JUTISCICTLONER tote ener = ane eae eee s 167 
825 ME MDCTSBeee eee es See Se Seen ee ae zet 1671 
741 Names to be submitted to —— __-___--____--- 1672 

Boat Compasses Sateen: eee 4416 

299 Boats, small 
Description of various —— __-____________---- 424 

422 (VO LOY, SLA OO oa ee 4132 
422 OltheenDloneh es een eee ee eS 4122 
422 Boat sheet(s) (see also Hydrographic sheets).__ 32 
290 ACCUTACY Se or ae ee RENN te sma eee iees Bae 321 
704 Air photographie survey origin of —— _---_-_- 3224 
341 Shoal and channel limits on —— ________-- 3624 

Areas requiring further examination___-_-___- 3621 
274 @aredurineiiseses ae eee for cee 324 
825 Charted data to be transferred to —— ______- 3235 
826 Charted data, verification of__._._______----- 3522 

“cirele’’ sheets (see also ‘‘Circle’’ sheets) ----- 37 
227 @ompassiroscion|\——$- = ee 3237 
216 Completed ——, details required______-_----- 325 
227 Completed ——, review_---_----------------- 3257 
707 construction________- pe ewe eee ae el Ee 322 
345 CA CCULAC Yee soe Sea ee ee aie an 3223 
345 IMIG EHOU Sete ae es tele oe 3224 
345 Projection ruling machine not used_-_----- 3224 
704 @ontrolistations oni—— ee 3231 
15 Descriptions requiredee = sen 2231 

765 Cutsitoibellett inspencila2 22 ees 3244 
227 dat fer oeae] mae Vea 
707 ata not found elsewhere. .--.--------------- 9342d 
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Boat sheet (s)—Continued. No. 
Details required on —— --_--_----.----------- 323 
Diameter when rolled_---------------------- 324 
Disposal-of—— __.-._-._ - 22 eee ae 7912 
Duplicate ——, use of_-__-------------------- 3222 
examination by Chief of Party_...----------- 3246 
examined by hydrographer before transfer 

toProcessing Office. 255 eee aes 9231b 
Fathogram soundings on —— --_------------- 3433 
field) numibers!---------=---- Sele ees Sad Faced, 3213 
IHigh-watemline on'=— 2-22-2222 -- = 3232 
Hydrographer’s use of —— ------------------ 321 
inspected daily by hydrographer------------ 3246 
inspection by Chief of Party_---------------- 3411 
ya oh oR Le ee ale ene A tees 3222 

differing from smooth sheet, numbering_-- 3213 
not to include parts of two smooth sheets_.. 3222 

9135B (4) 

Several ——. for one smooth sheet ---------- 3222 
Low-water line on —— -_.._------------------ 3232 
INOtatiOnsiOn "5. = te ee ee 3255 
Permanent —— to be inked__-_--------_-- 3255 

Numbering —— temporarily --_-------------- 3213 
Offshore ——, shoreline omitted from __---_-- 3232 

ELD OI et oe ee ee 3221 
paper distortion. -- <= = -==- -- see ae 7114 
paper'specificationss=-——-- — 945 e=e ee 3221 
plotted by officer-in-charge __----.----------- 3412 
DOSitionsin KANG Ss eee ee 3251 
positions transferred to smooth sheet --- ----- 7672 
préparation. -2eless_- S22: hs ae ee 323 

Prior survey data transferred to —— -----_-- Cea 

UNG br f2404 52 (lee ee I ee 3234 
projection (see also Projections) -_-----_-. __-- 3224 
Projection ruling machine, —— not construc- 

eGion 62s Sin sie eas oe ese Be 24 
R. A. R.— 

Constructional accuracy of ——_-___-------- 3223 
Paper for——— — =. 2. eS se 3221 

Registry and field numbers on —— _-------- 3213 
review Dys@ hielo Party=- =. -=2)_ = += === 3246 
Bhipmenteis =! "= 2 oo oe eee eee 326 
Shoal indications noted on —— ___---_-__-_- 3242 
Shore line omitted from —— ____--_-----__-- 3232 
Shore line, revised, shown on —— _____-__-_- 3811 
Smooth sheet, —— copied from___----_____-- 3224 
Smooth-sheet plotter refers to —— __-______- 7671 
Smooth sheet compared with —— __________- 7912 
Sounding lines, irregular, shown on —— ___-_ 3352 
Sounding lines, proposed, on —— __-______-- 3241 
sounding lines transferred to smooth sheet___ 7682 
Sounding Record, —— agreement with__-_-__- 3246 
soundings from carbon copy of Sounding 

TGCOnG Re. ans = eb sas ce PS aes 81 
soundings inkedias =. 22 eee 3253 
Soundings transferred at —— junctions_-____- 3233 
Speed scales on —— ------------------------- 3237 
subjecteditothard usage--22222-2----- eee 3223 
Survey junctions shown on —— ___-__---__-- 3256 
Topographic data on —— _____-___-----__--- 3232 
Topographic data required on com- 

ICCC Gia eee 3811 
Topographic data revised on —— ____-__-__- 3244 
Topographic survey, —— copied from -____-_- 3224 
traced from topographic survey_-_--__-------- 3224 
Track of survey vessel on —— ______--__---- 3352 

transferred to smooth sheet__---_-----___-- 3252 
Unsounded areas on —— ____-__--_-----_---- 3122 
use 

3212 
ab Washing ion OfNCe=s ===. oan oe ee 9331 

9332 
VRC AGL OTe LC eg ae ee ee ee 321 
checking smooth-sheet plotting __-__--____- 7624 

during smooth-sheet plotting____--_______- rem 

QUTINgSUGV EY. =-- == ee ee 324 
IPTINClDAl— =. =e ae eee ee 3243 

‘Bold-face types use ol aes eee ee 

Bomb(s), R. A. R. (see also Explosives and Tri- 
MitrolLoliene) sean = ee eee 66 

Cast=ir 0 Tila See eee eee ee 662 
IPrePAL AIO sta ee ere eee 6842 

construction, operations in —— ___-________- 663 
CONTAINERS) he ne ee ae eee ee 662 

Cast-iron sphere ——, description_________- 662 
Glass bottle, commercial, —— ___________- 662 
Requirements. === ee ee 662 
Tin Cane: J Dees et ees 662 

Mescription{ 22s se eee 662 
Filling ——, precautions_________________ 663 
Inserting detonator in —— ______________ 662 
W012 Gir iain ee re eee ee ee ee 662 

withimeltedspigvieads =--=2---0255- oes 663 
EVDCS AV AvIOUS! e150 oe on eee 662 
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Page | Bomb(s), R. A. R.—Continued. No, 
206 Cost of tin can —— ; 
208 IBY) Oo er en ee ee ee 
748 construction!..~.-- === ao ee 
205 explodinp n= = es 
210 lastra te see a ee ae 

Weighting —— ____- Sonepat peat aaa _ 664 

ae ‘Depth ofexplosione= oa ee \eed 

204 detonation 
206 HG etricieeea= 252 Soe 22S os oe co 661 
203 {Atle CHSCs ==: 5 o- S we 6848 
299 S86 a eo 661 
250 Reducing depth of —— _________-____------ 6846 
205 detonators (see Detonators) 
204 distances (see R. A. R. distances) 
205 Exploding —— near sono-radio buoys_-_------ 2533 
205 Exploding —— near survey ship__----------- 2533 
206 Beninei h , $662 
11 xplosion depth = 5222-22 ass2 eee '--4 664 

211 explosion, identifying on chronograph tape_- 6851 
204 explosives (see also Explosives and TNT) -_---- 661 
107 explosives/and ——= 22222 <2 28. 8. 252s eee 66 
204 Explosive type —— best adapted for R. A. R_ 66 
658 fuse (see also Fuse) 
204 ightin giao ook 6841 
251 Preparing —— 2 522-2 22255222 eee, Soe 6842 
210 Glass bottle:-——=- 2202 A Se ee Se 662 
711 ignition: methods 22 == == 6841 
206 ignition; procedure. = -- === ee 6844 
207 locker 
269 ConstiMiction:-*.—==- 552-525 ee 6841 
207 PITPOSC Of ——.- - = = 2 ola nas se ee 6841 
205 SIZ6 205) Se + SSO SO a eee 665 

66 
206 Precautions in handling —— ---_---__-----_- 666 

669 
205 preparation. final = so-so ee 6842 
205 Care required in —— _-_------------------- 684 
204 Procedure! 222 82 Ste ee ee 6842 
210 TMG) Ofte 9 Se ee ee 6842 
211 reception, gain control for-_-_---.------------ 6724 
208 returns, identification (see also R. A. R. sta- 
207 TOMNGONUICAtION) = esse =n ee 6852 
296 returns, reception = = 22s se ee 6851 
206 sinking -Tates=: = 225 So ee 662 
uh aa 6843 
748 Deter 5 ——— ee (eaae 

226 SIZOS Ee ee ae oe ee ee 662 
208 Hiftect ons Aj hy.) Gistancess= == ee 7636d 
713 Signals for different —— _--_----_---------- 6741 
209 Soundingswith——"- = 2 eee 582 

‘Accuracyiotanethod == —=--— 582 
757 Description of method --------------------- 582 
210 iPrinciplesimilar to R.A. R22 2-22 _--- 582 
207 substituted for echo sounding-~_~__-------_- 582 
207 storage during ship repairs_-_---_---_-------- 665 
205 SlOWae Chea == nee ee 665 
au Throwing —— overboard_-_-___--_------------ 6845 

6844 
"Tim Of ——=— 2 5 52 Sea esse ee = ska os ee { 6845 

296 Tin can —— (see also Bomb containers) 
209 COSt. 2 Fee ee eee eee eee 663 
205 TNT (see Trinitrotoluene) 
205 Types of —— (see also Bomb containers) ----- 661 
226 IBOm per 2a Se ee 6714 
210 Chief'——* duties*222322 = 6714 
194 duticsS te ee 6714 

Bombin: 
234 at buoy 'StationS==* == 325 3s ae ee 6847 
849 IMethods2e ses eh Se a eee 6847 
850 Precautionsirequired2---=—- = — = = ee 6847 
203 Time interval corrections_-_-_--------------- 6853 (d) 
700 Definition --— eee 684 
204 operations (see also Bomb preparation, final; 
711 Bomb ignition; Bombs, throwing 
208 OVeRDOALd) a ee ee 684 
208 procedure_-—-_--_---- Ig eee ae See 684 
819 station 
821 location==-=- - == * == ee eee 6841 

‘Precautions required =.) _----—----— 6841 
618 Purpose) Of —— =. = ase ee ee 6241 
619 Slonals 3 eee" 2 S228 Se Be at eee ees 6741 
648 Bomb Record(s) -2252222.- SS eee 8311 
620 Completionof ——"4 8311 
619 Converting actual elapsed times to plotting 
619 INbCEVAlS = oe eee 8311 
619 Conversionionnnlaes = eee 8311 
619 entries properlysmade: S252) a ee 8311 
619 Office work required of field party__--------- 9231e 
619 Official reeord of R. A. R. position data__-__- 8311 
620 Position data supplementing R. A. R. not 
620 imeladed in \——« ee 8311 
620 Positions, numbering in ——.-__------------ 83115 
620 R. A. R. distances, rejecting in —— ________- 7637 
619 R. A. R. position data recorded in —— _-__-_- 8311 
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Bomb signal prolongation--_-_-------------~-- 6432 598 symbolization on smooth sheet __-__-________ 7862 
Bonny castle; Charles=:=2 === 2-525 - == 2222S 512 439 Bridge(s) 
IBooks; reference: (ist) Lass fees ee Sees 953 869 clearance(s) --_---- ee 916 

Miscellaneous —— (list). _.__--_-_----------- 9534 871 data, where available_______-------=--_-__- 3836 
Booster, amplifying, at R. A. R. shore stations. 2614 150 Descriptive Report requirements _________ 842P 
Bottom, sea (see also under Submarine) field\datamequined==-—= === eae 3836 

characteristics: —-—-----_--2--=-=- 7722222 384 301 Renert naned Seer Rt Hn = Ser eet tate 3836 
«ee : 3843 303 ertical —— 

abbreviations, standard (illustrated) - -_---- ig. 189 fol. 888 Field data and Engineers’ data differ____ 7846a 
Adjectives not capitalized______________- 783 738 shown on smooth sheet__---------------- 78460 
INOUDnS capitalized {=e se seams 783 738 data, Coast Pilot requirements.________ ===-= 916 
Use of ee 305 information reported by Coast Pilot reviser._ 9133a 

SEO) <9 cee Soe aie Se Sa 783 738 PEC IIAt ONS: sce ke a 916 
Anchor, —— from material on___-_____-____ 3841 302 Ship/—— Ss Se ee hs winalo_peita Alll 
@lassification\of —— 225-5 22-22 3843 303 officer 
CoasivPilotrequirements@ 2) 2-25" 30 3 916 839 Duties in handling buoys__-__-______-___- 285 
COlOTS eee eee Ee ee | deo 3847 305 Duties in taut-wire measurements_______ 4466 
composed of more than one constituent____ 3845 305 Survey activities conducted on ——_______ 4111 
Detached positions, —— at____-___________ 8144 764 Survey equipment installed on —— _______ 4111 

Detached shoals, —— required on______-_- Nena HS Bristol] boards. s22-5-.-----s---c- 5-54-02 2 Fie 

Determination of —— ___________-_________- 384 301 British Admiralty velocity tables__..__________ 6343 
Der icel 3841 302 Broadcasting stations _ 
W Wash oo aco cac ese Sere Sa pee seas 3846 305 located for use as radiobeacons._.__-_________ 3835 

Dp ypleadsin anaes See Sensei ese. 3416 253 reported as aids to navigation____-___________ 3835 
UAE 9S AT sa a ey ee 3841 302 Bromide print 
imnpebblyabottom: U5 2498... 2. 2 eee 3841 302 LESCHITS ETO TTR er te Ee Be 1313 
inrockyabothome: £24 2 See eed _ 3841 302 SSUES SF cea ea aos Sa Pld 1313 
TTSOLE It C= a) Ls ABORT rhe 3841 302 Beet aan PUN Genniblona=— sas. soe = 1682¢ 

366 282 uoy(s 
on each shoal._-------------------------- {ea 302 Anchors, —— (see Buoys, survey, anchors) 

duplication unnecessary ---___---_-------_-- 351 268 Control —— (see also Buoy-control scheme 
Echo soundings, —— effect on_____________ 5144 444 andsBuoys; SULVEY) =.= 25 
Feeling —— with lead________________-____ 3416 253 Anchor position determined from three- 
WTOC MGIC yea a se ns os 3842 302 Poise buUoye s.r 2512 

onysmoounisheel>—--=- == <1 Sees OF 783 738 aeeared for location sextant triangula- 
Importance of ——in harbors, in anchor- TON o2 222 =e eete 252 222 IS 2554 

Sgesmandsonisnoalse s=-45 5a sees 783 738 arranged in quadrilaterals for location by 
inked in Washington Office________________ 783 739 pA RR AGistan cess 2 == es 2574 
lel:baye —— 5 Fs ee ee ee ele a eas soe) 851 arranged in quadrilaterals for location by Ae 

. os 384 301 Sextant 2220 ees =. en ee : 
Lead, sounding, obtaining —— on---_----- (664 308 Azimuths, short, observed between —— __ 2531 
legends, how composed______-______________ 3843 303 Bombing at —— (see Bombing at buoy 
Lettering —— on smooth sheets, size and stations) 

Shylos eens - Seas - Foe eG 783 739 Bombs exploded near —— ______-__________ 2533 
Niaterialety pes! Ol 2-< -2--=2 2552 -se252-550 3844 303 Buoy Daten 00kes ss. = eee ee ee eee 94 
Methods of determination_________________ 3841 301 2514 
Miscellaneous —— indexed in Sounding cut in by sextant from vessel____-______-_- Pas 

Re COnG Reese Sok yy ee 3842 303 2552 
Miscellaneous —— recorded in Sounding Number of observers required___________ 2514 

HO CORG See S525 34 ee hon os RE 3842 303 Cuts to ——, indexed in Sounding Record_ 819g 
Naturevofimaterials:= 22222200 2 3846 305 data, segregating and filing________________ 94 
Placement on smooth sheet_____-__________ 783 738 Distance between ATI NGS =ceene Fo tee 2541 
recorded in Sounding Record_________- ___. 8144 764 Distances, short, measured between —— __ 2531 
Ricand rky, correct Usage_2e- 222 eee 9334a 852 Geographic positions to be furnished by 
Sediments, classification___.__..___..__-___- 3845 304 Held) Want yas ee a ee iat pies 9231d 
Smooth sheet requirements___.-_-__-_______ 783 738 Graphic determination, scale of-___-_______ 2533 
Snapper, obtaining —— with______________ 3841 301 Inshorei——, locating= = = = aa see ree 2551 

3843 303 Launch hydrography, —— for____- See ee se 2461 
Standard abbreviations for —— ___________ 783 738 Lines of —— 

é | fig. 189 fol. 888 Azimuths of —— strengthened___________ 2552 
Stopping vessel specially for —— __________ 302 Distance between —— _________________- 2542 
supplemented from prior surveys_-________- 783 739 for traverse only, distance between 
SVAN DOA hlOnee ss sae a a 783 738 [DON Rip a eee a eee ee ae ae ee 2541 
Underway, determining ——______________ 3842 303 located by sextant from ship stations 
WY ENDS 0) | es en ees Or 384 301 forming quadrilaterals______________- 2553 

configuration, effect on R. A. R. (see Sound located by taut-wire traverse____________ 2561 
propagation and Sound transmission) located with reference to sono-radio 

Coresam ples es. 2 Le aes OT) S 476 413 DOV Seen ee ee ae een 2574 
Instruments for obtaining —— ____________ 4762 414 Offshore —— located by sextants from 
Lengths obtainable____.__-._________- Bens UGH: 414 WERE Lt eh 5 eS ie ae are 2552 
Scientific value of —— ___________________. 476 413 oriented for sun-azimuth observations__ 2543 

Irregular —— perpendicular to shore________- ea eee: a5 FES 
Echo sounding over —— __________________ 563 541 substituted for shore stations. __________- 2551 
illustrated on fathograms__________________ 571d 546 located by 

material, effect on R. A. R. (see also Sound astronomic observations____.___--__-____ 2535 
, transmission) MG A St sect Po hh 623 567 cuts plotted graphically___.__*__________ 2552 

material, effect on strength of R. A. R. directions from shore stations____________ 2521 
DOSIUI OTIS so i Nn el 6824 642 one angle at buoy and a direction from a 

SHITIDIOGe VICES eat ee 476 413 ShOneistatlons=s-eee ee eee 2522 
samples (see Bottom, mo characteristics) Theoretical strength of location________ 2522 
slope efiectronR. A. R:.------ 22-2 6231 567 one angle at buoy and a sun azimuth____ 2523 
slopes, echoes esti Ges: Reflection of sound one angle at buoy and one cut from a 

from bottom slopes and Slope, bot- three-point fix = ee eee 2515 
tom) Ri Ae dR GistanGeg eae. seen > ee 2533 

specimen cup, description___________________ 4744 410 Buoys arranged to avoid sound trans- 
temperature, measurement of_______________- 6321 580 Mission) dificultles === 2574 
Boe Co Teta Ree alg ese) a Ba Buoys required, number of___________- 2574 
oundary ate) data, where found___________ 91 - 8311 

Break-circuit chronometer (see Chronometer, Data recorded in Bomb Record__--.-_- coat 
break-circuit) Distance errors where there are inter- 

Breakers (see also Rocks, sunken) Verney shoalsee seas ees ker Ere 2574 
Coast Pilot requirements___________________- 826 Graphic determination________________ 2573 
NGO CE ELOTICO im own a 281 Measuring the time intervals__________ 2533 
Report of —_- 4 Se Ae aes 281 Recordsirequiredsees =) Pe 8324 
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Buoy(s)—Continued. Reference 
Control—Continued. Ref Buoy(s)—Continued. No, Page 

located by—Continued. so P Survey —— (see also Buoys, control)__-_-___- 28 162 
R. A. R. distances—Continued. 0. age arichor(s) See 2. woe Se cd © oa 2831 171 

TeGjafor ey amsio pwbdie tol. SWS Lk es es 8324 781 Bottom characteristics from —— _____-_- 3841 302 
sextant from ship stations inshore-------- 2514 115 Conerste=—" = = ee ee 2831 172 
sextant, records required_-___-.-+.------- 8321 779 detaching apparatus_---.---.--.--___---- 2834 174 
shore-station observations. _.-_----_---_- 2521 117 anchoricable:: 2-22 2.. Jo322<4-4- eee 2832 172 
subaqueous sound ranging--_---------_-- 2533 121 Attaching —— to buoy-_-.----------_-___- 2835 175 
sun azimuths and distances_-_-_---------- 2525 119 Chain and wire rope combinations______- 2833 174 
sun azimuths to shore stations__-__-____-- 2524 119 Porrasion (a2 131 
taut-winre distances. ~ 222 =-2 25 sean. see 2532 120 OEY vines RE Le Le 2832 173 
theodolitee—--_ =... 5 > Sea aa 2521 117 Detaching arrangement of —— __________ 2835 176 
Ehree-powt Lixes’ 2-2 Sos Sees ae eee 2512 113 Length requirements with reference to 

at DUO ysaNChOrs ee en 2511 112 GOD ERE i488 NG ee 2833 173 
on range with shore stations_-_-_-----_- 2513 114 Shackles and swivels used in —— _______ 2835 176 

traverse, closures reported __------------- 8323 D 781 Specifications": == 5-22 sa eee 2832 172 
traverse, records required___-__---------- 8323 780 Wire rope to be kept off bottom_________ 2833 174 

located from eccentric ship position___----- 2512 113 anchored in shoal water, dragging tend- 
located with reference to shore objects, rec- ene yes. ata a Se 2833 174 

ordsirequired 2 = 5 Aathepare st ies 8322 780 anchored so as to reduce scope_________-__- 2836 177 
located with reference to submarine relief___ 2536 125 ANICHOTIN Gees ee eee 2851 185 
IMayesintamn sete |NoO Gye sees ok ee ee 7A2 687 Anchonlowered first2-- 2 ee 2851 186 
Location methods described in Descriptive at preselected positions_________-_--__--- 2851 186 

IREDOTGs 2 eo eee eee 842F 788 25 110 
Log distances used in locating —— _-_-_-_--- 2525 120 in: deepiwalerzcs-..2-- 225-22 eee [os 174 
Number of —— at anchor simultaneously __ 2546 131 2851 186 
Planning the use of —— _______-__--------- ae iv suchoning gear EE Spat INS 5 a 171 

electioni of —— .-..-_.=-...--5. 2 eee 54, 130 
position computations_--_----------------- {au 860 anchor scope 
a bsiravt ented Epes ig GEA 2 23248 oe Le Computing — (formulas) __--_------_-- ae 862 
y geographic positions_-__--------------- 44 8 - 943 862 

by plane coordinates..____._._...._._-- 9442 864 Senne buoy traverses for —— ee 863 
: 94 Definition. 2222222 ee 943 862 
a Sa (344 863 Weastiriig == 2-1 a0 sg ee 943 862 
Records ;requinedi--2s= pen eae SE See 8322 780 Position of buoy corrected for —— _____- 2512 113 

positions.comiputed = -— == eee ee 7421a 688 Reduction of ——__ = 2836 177 
positions determined graphically---------- 7421b 688 at anchor, graphic record of___-___--__-_--- 286 189 
positionsydetermining= 25" 7421 687 atianchor, timesto, be left=a= == 2546 131 
positions, graphic methods versus compu- we ai banners: and sfisigs.- 5-222) eee BY 163 

PaO Sse eee een eee il 163 
referenced to each other___-_..------------- 2531 120 banners at known height above water- - ae 230 

byadepression anglesso)25=205 = 2531 120 Car couplers used for anchors___-__-___---_- 2831 171 
by rangefinder distances__--------------- 2531 120 Changing structure of anchored —— ~___-__- 285 185 

2514 115 Color of painted structure__-_-__-_--------_-- 281 163 
Sextant location from vessel_______-___---- [5 132 construction (see also Buoys, survey, one- 

2552 134 barrel, and Buoys, survey, two- 
Number of observers required ___-__-_-_- 2514 115 Danrel)):i4 25 = + Reese ee 282 165 

SDACL Si ee | ees SRE ane eae 212 61 ‘Barrels}siypes+ used = —- . =. aes 281 163 
for three-point fix observations__..____--_ 2541 129 Countenweichtsss eee ee 281 163 

system (see Buoy-contro! scheme) humbentor——— 4 eS eee 281 163 
Tabulation required in Descriptive Report_ 8435 792 Painting DUOySa eo ee eee 281 163 
Taut-wire apparatus used to measure dis- Tequinements | fenerals]] a= ee 28 162 

an es ewe ae eee er 4466 356 Targetsess. = es 2 an 163 
Theodolite direction and sextant angle a F Lo . 8 163 

buoy used to locate —— _____----_--- 2522 117 at known height above waterline. _____ (aes 230 
traverse computations (see Buoys, control, Current, force exerted on ——_____________ 2832 173 

position computations) Description; ceneral= eee 281 162 
used to span water areas____---_- ether ss 25 110 désign® =: Sah oe ot eee 28 162 
Use in hydrographic surveys- - ------------ 25 109 Distanceisible: =) 2541 128 

Marker — establishment reported to Washington 

Construction =e a ee 2821 165 Office: << 2. «<*> Mae ae 189 
Use in examining shoals_-_---_-____--_____ 3665 284 ; 8524 798 
WariOuSis6s Obs eee ns bee 2812 164 |- Evergreen trees used for —— -_----------_- 2551 132 

Navivation Fending —— from ship’s side_____________- 2851 187 

Chart for Coast Guard’s use in locating — 8533 799 Tn Danie eRe manera oc i 
Coast Pilot requirements_-____---__-_-___. 916 827 Handling —— on shipboard_..--_-.-----_- 285 183 
Designating —— on smooth sheets-__------_- 7843(c) 741 Handling —— from ship, most favorable 

Locating —— -----------------.----------- 8531 798 (Goaebinloa iin ee 285 184 
Marker ——, determining positions of___-_- 3832 300 Handling —— from a single-screw ship____- 285 183 

Official position of ——, definition________- year ly Ugo (etal binge (y —— Ss Sees 281 163 
3832 300 identifyinesilacs sss 2814 165 

“off Station, reporting =.= ses 2 {est 708 Identifying marks =p) eee 2814 165 
2 : an igh tedt=——— eens eee eee 2813 164 

off station temporarily, positions of-___---- 383 299 Hehtss description salseamenua lian nanians 2813 164 
out of position, report of__----------------- 174 57 Log line, risk of fouling--____-__-____--___- 3374 235 
Plotting —— on smooth sheet--_---------- 769 714 Maneuvering ship alongside —— _________- 2512 113 
positions determined by three-point fix____ 3832 299 Mooring —— re 177 
positions inadequate, reporting ------__---- 8531 798 Méthode: teat. £0 ines eedean eee 186 
positions reported in Descriptive Report_-_ 8531 798 Naming sean cae. tal Sat oe 65 
Recommendations for additional —— -__-- 3832 300 Naming TOVEd <= let oe ee 66 
Recommendations for change in location__. 3832 300 188 
Referencing —— to sounding line_________- 3353 226 mames----_------------------_------------- 189 

symbolizations sess 2 ee ee Oe (7542 a Length of —— 65 
One-barrel —— _______- 166 

Tabulation required in Descriptive Report_ ae 790 GOTSELINGLION one Se ke PS area 168 

Template for making —— symbol. ----_--- 842 740 Materials required (Jist)...-._.------__-- 2824 B 168 
positions (see Buoys, control) SpeCifCALIONS ase eset = an bee ee 2824 A 167 
Relieving — |. on station, graphic record of_.._...-_--__-- 286 189 
Navy mine casings used for —— ----___--- an 16 on station, time to be left_._.-__-__--_-___- 2546 131 
used with sono-radio buoys.--------------- (a35 a Passing —— during a taut-wire measure- 

; THEN Ge oe SE ee 4466 357 
Precautions------___---- 2-57-77 2------- 283 171 Precautions in anchoring and weighing —— 285 183 

Sono-radio —— (see Sono-radio buoys) Radiating sounding lines from —— _______ 3371(2) 233 
Streamlined ——, description______________-- 2843 182 FRECOTG*O fies eo eee ee eee 2853 188 

festedtin:currents222o6) = Sees 2843 183 Record of —— at anchor___-.___--------_-- 286 188 



Buoy(s)—Continued. Helerenes 

Survey—Continued. 0. 

Removal reported to Washington Office_ “Ages 4 

Report to Washington Office of ee lees 
ment ancdinenl OV aliases ee 8524 

Running survey, use of —— in__-____-___- 3941 
Shallow water —— __._.-._--------------- 2823 
Shoal investigations, —— used in_-_________ 172 
Shoal, isolated, surveyed using —— _______ 3361 
Shoal, offshore, surveyed using —— _______ 368 
Siganl notices on —— ._-_----------------- 2814 
Small —— for use on auxiliary vessels__.___ 2822 

IDiMenSiONSe = see eee 2822 
structure, selecting type of___-_____________ 2545 
Survey ship substituted for —— __________ 3365 
Three-barrel ——, description______________ 2826 
Three-point fixes observed to ——_________ 3337 
Three-point fixes on distant —— __________ 33765 
Triangulation scheme, use of ——in_______ 2283 
Two-barrel —— 

COUSEMNICUONE as 22 = eet ee Se ae 2825 
Materials required (list)______._________- 2825 A 
hWihleremused ts e223. a8 8 Sa ee 2825 

Wahl ont. Ge ee eee eee 2541 
WGI oho: ee ae Setar eee 2852 

traverses (see Taut-wire measurements) 
BIRDS eNeATLOULS eee mes Se ba Fh 2S ae he 2811 

Buoy control, obsolete method_____________ SLD EEE) 
Buoy-control schemes (see also Buoys, control) 
Connecting —— with shore control_________- 
IDeScripiionvol—— 22-0. ee 255 
Distance between buoys in line______________ 2541 
Distance between lines of buoys__________-_- 2542 
for location by 
astronomic observations________._._______- 2571 
RpAL sa GIStANCESSs22 casa ee ee 8 2574 
SOMUAD PRM POS Se spe Bere eee eee ne an 255 
TAuUL=Winesinaverses—~=3- ==" 28-) RTO 256 
Wocatin a byssectionS==- 2-545 -2--. aa 2546 

for three-point fix control, located by taut- 
WwaneitTaVerse=-=4 =e eS 

located by R. A. R. distances, strengthened 
by a taut-wire measurement__-_--_--- 2573 

Location method, determining ______________ 25 
Tea Toy ba a ee ee 254 
econdsimequineds 2222) a2 = 2 a ee 8323 
Reponireduinedean so Ae Se a ee 8323 
Requirements; ceneral- 2 ee 2544 
Sketchirequined se. = Fs Se 83234 
Spacinewubuoysanilines: 22. ee 2541 
Statistics required______. ______ ee per Sin FT 83232 
strengthened by additional shore connections. 2563 

Buoy-control surveys. 
Records and reports required (list)__.________ 8351D 
Statistics of typical —— —_.---~-. +... =. _. 258 

2853 
BiTOyeWapaeBoOk. -—-. #2. 222 --= 2 eee 286 

94 
Content smerer cnn oN oe ee ee ee 94 

Buoy-intersection method of locating shore 
CONMUTOUSTAUIONS #2 = ae ee 

Buoy traverses (see Taut-wire measurements) 
Buoy triangulation 

Dyaduadnilateralseezaes-s. 52522. ee 2555 
bysinelewnancles’-- 220-5 20s ee 2554 

By-products information reported in Descrip- 
CIV Op CD Obese eee Ley oe 842T 

(G 

Cable crossings shown on smooth sheet_______- 7847 
Cable, electric, for R. A. R. shore stations 

SDeCHiCatiONSS ssa ee ee apes ee 2613 
ANS ala oe ee eee 2613 

Cable, overhead, clearances 
ieldrdatarequired 22-202) ee 3836 
shownonismooth sheet...) sees 7846b 
Wihere;dataiareiavailables..--) 5.) 3836 

Cables, submarine 
Mield location of —— _.-- = 2+ 2= = 2. 3836 
reported by Coast Pilot reviser_____________- 91334 

Waldron ;Gehnitione te ee et ee Ce 1682d 
Calibration ed (see also Velocity calibra- 

tion 
of echo-sounding instruments, definition_____ 6311 

Canals, Coast Pilot requirements______________ 916 
Canyon, submarine, definition________________ 1682d 
Cape neti tionia= —— he Meee es eee ee 16826 
Car couplers, railroad 

IDyes(erayotnitey alesse ee se Be a 2831 
fOIDUOYMANCHOTS=— 2 eee a ao 2831 
for buoy counterweights_________________=__- 281 
Joining —— to make buoy anchors_-________- 2831 
W.ClO tS maee as er eee cee tn PN 2831 

Carbon-button element, hydrophone_ ________-_ 5162 

INDEX 

Reference 
Page No. 

189 @atamaranwdescriptiones=-- = ees 4248 
798 Use in hydrographic surveys_-__-_--_--_-___- 4248 
189 Celestial bodies, finding in sextant_____________ 4524 
798 Celestial observations (see Astronomic obser- 
310 vations; Sextant angles, vertical; 
166 Star sights; and Sun sights) 
56 Celluloid (cellulose acetate)__..________--______ 7143 

228 Cleaning —— before use_______._______-______ 7143 
285 disintegrates when near stcel or felt_________- 4536 
165 GIStOTTIONS es sons ae Cae Ss a ee 
166 Inking on —— 
166 pieces at positions of R. A. R. stations______- 7631 

at Smigoth-sheet Coverings === === === aa enn ee 

170 LT ACIN DS epee haere at ee eed 7143 
220 Types obtainable, specifications. ____________ 7143 
236 Celliloidhink=s e2sl see a 7261 
86 CelinloidiprinGas 2s 2= Ae ee eee ae a 1314 

Cellulose nitrate, fire hazard of________________ 7143 
169 S@entUnryimtVPCs 42 aoe a eee ee 9136 
170 Chains (see Sounding chair) 
169 Challenger echo-sounding instrument__________ 5321 
a Change points, velocity corrections, tabulation 

Changes in course (see Course, changes in) 
164 Channel(s), navigable 
237 Coast Pilotrequiremonts 2 se ee ee 916 

depths reported by Coast Pilot reviser_______ 91334 
110 development: Sees sa ee sae eee 3141B 
132 edges;towbelocated] se. esee- sae keene 3141B 
128 Sounding lines diagonally across —— _______ 3141B 
129 Soundings to half feet required______________ 7713(b) 

Spacing sounding lines in —— ______________ 3152 
141 Characteristics, bottom (see Bottom, sea, 
144 characteristics) 
132 Character of the bottom (see Bottom, sea, 
138 characteristics) 
131 Chart acency inspections.) sas ae eee 9134 

Chart datums (see also Sounding datums) _____ 1125 
139 Charted ane. (see Nautical charts, charted 

ata 
144 Chart index map in Coast Pilots_____________- 9135A (4) 
111 | Chart letter (see Nautical charts, chart letter) 
128 Charts, nautical (see Nautical charts) 

at Check angle required at detached positions___ Saeee 

130 @hemicalisoundingtubessesss seas ee 31154 
781 Chernikeef log (see Log, electric submerged) 
128 Chief of Party 
781 79 
140 Approvaliot smooth sheet---------- = [isa 

925 
785 79 
146 Inspection of smooth sheet__________________- {isa 
188 925 
189 Inspection of Sounding Record_____________- 818 
860 Supervision of hydrographic survey_________- 3411 
860 Supervision of smooth sheet. ______..-_____--- 79 

; @iiilowsk:itestee = os 2 oe Vo a ee 512 
86 (ChimneyAd enn hione a= ee eee 8534C 

Chlorinity of sea water (see also Salinity) 
ID Xevaonh nite) ols See NS ee re ee a 633 

137 Relationship to salinity (formula) _._-_-____- 633 
136 Term preferred by oceanographers__________- 633 

Chronograph wh Ay wipes e see een eee ee 673 
790 Ampere ae sees Renee ee bees So ee ee 6724 

Ghisbitn Gliese a eek a fig. 140 
Description of ——, electrical. ______.______ 6724 
fOTKCHINGI Eee ee a aati et ter ae soe a! 6734 
gain control for bomb reception_____- east: 6724 

743 hydro-radio switch, function_______________ €724 
hydro-radio switch, operation______________ 6724 

149 relay substituted for switch________________ 6724 
149 switching operation, time required___ ____ 6724 

Swatchwoperations- ea. =. ee ee 6724 
301 attendant 
742 CUIUICS ee ee eet ee ee PEAR Maen 6712 
301 duties during transmission of strays___..-- 6852 

Dorsey —— (see also Criftig) 
301 Control circuits for —— _______________ == 6734 
815 ID CSCHIP POM Se ee = ee at nee bee ete en ce ee 6733 
55 Features, principal. __________- Eats See 6733 

Fuse-interval determination.______________ 67384 
operahlon ge. S252 355358 eee ie ee EEL 6733a 

575 Plotting interval from ——________________ 6733a 
827 printingawheeles-- 2 eas ee abe. ee 67334 

2 timeymarkings: 2252 2-5.3 See Seh e Geen 

unc tion Sates =: a ee ee ree eee 673 
171 Gacrinen—— = 2) eee. ee eee 6731 
171 Baldwin piano unit in ——, use of_________ 6731 
163 chronometer (see Chronometer, break- 
171 circuit) 
171 ID eScri pion tse aee es ao aon = ne eee er ES 6731 
451 magnets, SUDSHUMIONE eee ee eee 6731 

Pace 895 

Page 

329 
329 
371 



Pace 896 

Chronograph, R. A. R.—Continued. Reference 
Gaertner—Continued. No. 

ODSLALIOTI On ee ees ee a eee 6731 
stylusesMad justine =22- 22 222 ee 6731 
stylusesWresistance: <== "2 oes) oe te eee 6731 
BLylIses; Su DStipU tion ses =e ene meee 6731 
tape markings 2) 28S ae eae ee coe 6851 

(GiSirOtiOT)) oo re eee fig. 141 
tape:speed- = -- 2 eee ee 6731 

ODELAt ion sce eee eee ee 

Scalevfor TtwAtpReeses 2.225222 see ne oeeee {ces 

TD OSCE LO tee ee 4825 
PUT OSGi 4825 

SLYlUSTODELS TIO nee en eee 673 
SUG LUG SS Lerri ss ere ee ee ee ee ae 673 
Stylus) imines ee ee eae 673 
ESLTDC (CS) en ee ee 685 

Clarity of record on —— ------------------ 8311 
IDESCN DEO Nee a eee 673a 
TD GSERO 1S 6854 
ED IS OSLU LOU ee ese ee 6854 
Folding —— -.---__------------------------ 6854 
identification, Methodesss se eee eae 6854 

(GIST OL) ne fig. 142 
Identifying bomb explosion on —— ------- 6851 
ideniyne radio signals on —— (see also years 

R. A. R. station identification) ----_- 6852 
MACK Se eae een ee as eee 685 
(Packie ——— eee eee eee 6854 
Radio signals on —— _-------------------- 6851 
TECOLG | CeSCHID lO sean ee ee 6853 
Seale used with —— __-------------------- 4825 
Scalin —— er ae ee ee 6853 
SCAlin Ie RCOTS se eee eee 7636a 
Stamp No. 41 for —— .-------------------- 6854 

(GEESE CLO) See fig. 142 
: 6851 

Static marks on —— ---------------------- (ey 

Strays 
CHSCs ee ee 6852 
Distinguishing —— from bomb returns._ 6852 
Precautions required during transmis- 

S100) Ol ee eee 6852 
PO TITUTIO) 0 Oye ee 6853 
time intervals ; 
Chronograph scale used in measur- 

ES ee ee 
TWN Rete Wig 66 fee eee 6853 
ennai lO Syn 6853 
Wain aint oe eee Sos ee 6854 

c time offsets, numbering -------- ee 3e ae 6853 
@hronomeien(s) so 4541 

balance wheel locking! 2 === 45416 
balance wheel, stopping- -------------------- 4541b 
Break-circuit —— 

IDX: Corns) OO} a eS 
operation____-_---------------------------- 
Relay circuit for —— 

(illustration) Eee eee 
Use in tuning-fork calibration 

Care Of saan a i ee ei ee AS 
comparison with time signals___-----_------- 
Locationjon shipboard2222>-2—- = 
Padded compartments for —— -------------- 
Preparing —— for shipment____-_-____------ 
Temperature changes, —— protected from__ 4541a 
Transporting —— by hand-__--------------_-- 4541a 
Wink itn pe eae 4541¢ 

Circle, azimuth (see Azimuth circle) 
Circles, distance, R.A.R. (see R.A.R. distance 

circles) 
“Circle” sheet(s) 
ING VaANtACes so ee eee ee eee 
Auxiliary straight-line method 

Constructioniofianes#e 
used: withoutidtawniancSsae—=s—= ea 

construction 
G@eneral!case ss ee ee 374 
Line of centers off sheet__.--._------------- 3753 

3751 
Line of center on sheet-=-=-----------_---==- 3752 

3754 
Modified cases of —— --------------------- 375 

One control station on sheet_-_------------- ae 

Trigonometric fuctions for —— (table 41)--_ 964 
Two control stations off sheet__------------ 3751 
Two control stations on sheet__------------ 3754 

control stations to be used, selecting---_--_--- 373 
ID eserip tign: === 22s sae se 37 
{OVINUIAS OCTLV Abi Oe se ee ee ee ee 371 
Graduated perpendicular method ----------- 3741 
Computations ee 37416 
Woristniction Oancsse sss 3741c 
Preliminary construction_-----_------------ 3741a 

Takin thelarcs oss a en ee nee 735 

INDEX 

Reference 

Page | “Circle” sheet(s)—Continued. No. ~- Page 
633 Plotting Gp) ——"S a se 2 eee 37 286 

pee preliminanylayoult=s.- =. =e ace ee {oral a fe, 

633 (Preparin pts) oa sae ecee 2 eee 372 288 
650 Shoals, offshore, developing on —— ________- 368 286 
651 Trigonometrie functions for construction of 
633 —=1({¢6/6 {1) 22 eee 964 885 
632 TUSGS, VATIOUS saan te ns aa ee 376 295 
426 Circular ares used in running sounding lines____ 3143 200 
653 Clarity, importance on smooth sheet____--___- 7913 748 
426 @larke’s'spheroid =e a ee eee 2171 67 
426 Clay: deiinition==22 = ee 3845 304 
632 Clay, red, where prevalent in oceans__________- 3848 306 
632 Clearances 2s") oo See ee eae 3836 301 
632 Bridge —— (see Bridge clearances) 
650 Horizontal! —— eS ——EE———E———E—ee 3836 301 
Teil Overhead —— 

pe Coast Pilotirequirements=-3--_------- see 916 is 

654 reported by Coast Pilot reviser____---__-_-- 91334 814 
655 shown on smooth sheet _____--_-_---------- 7846 742 
654 Vertical’ — —=*-2222 Se 3836 301 
655 Data required in Descriptive Report -_---_- 842P 790 
650 Clock(S), hy drographic==_ 2 = 4542 381 
651 4542 381 
652 Agreement required in coordinated operations_+ 8142 762 
650 8311c 717 
655 cannot be adjusted sufficiently__-_--_------_- 4542 381 
651 com parison® 2... ae eee eee 4542 381 
652 Descriptions iceneralee== = ee 4542 381 
426 mounting on portable box for use inlaunch___ 4542 , 381 
652 Soundine-intervalitypes 2222s. =e 4543 381 
706 Advantages. = ee as 28 See eee 4543 381 
654 Description.--* 2 -- 22 222222. eee 4543 381 
655 Use in’fog= <2. 222s sas. 5 5as 3 eee 4543 381 

see tolbeikeptin'agreement2=>-----—- = ere a 

Usest. - Stee! ise 2 eee 5542 381 
652 Clock, sounding (see Clock, hydrographic) 
652 Clocks used in R. A. R. 3 synchronizing be ees 6811 636 
= Cloth, tracing (see Tracing cloth) ; 

sas 1682 55 
653 Coast; definition ==: 2.205 =. --t =e Ge 829 

Coastal features, terminology___-__-_------__-- 16825 55 
Coast and Geodetic Survey 

653 Echo-sounding, history in —— _______- 22) 513 441 
652 echo-sounding instruments, operation of-_--_- 5616 538 
653 Echo-sounding instruments used by —— -__-_ 52 455 
654 Coast Guard 
652 Chart of special objects for —— _______-___-_- 8533 799 
379 Instructions for preparation _-___----------- 8533 799 
380 Objects located for —— _--_-__--------------- 1551 41 
380 reported to Washington Office_____----_-_- 8533 (0) 2 oe ees 800 

Coastline changes reported in Coast Pilot___-_- 916 828 
633 Coast Pilot(s) 
633 Appendix contentsen.- ==) ==2-— = 9135B (4) $20 
633 Authority of —— in marine investigations__-_ 916 829 

aoe Bold-face type, use of_.....-.--------------_- \oisen 4) © ay 
379 Chart: indexmapin — ------ ee 9135A (4) 816 
380 Dating a ——. beso ee ee ee 916 830 
a Description, purpose, and contents-_------_-- a : ae 

A 5 a Slesult ee 
380 Duplicationvavoided=2_--- === == ee eer D 819 

379 Hxtent of text conventaee sees = =a ee 9131f 812 
380 field inspection 
380 Instruments needed on —— (list)________-- 91315 811 

itinerary, Planning ee ee 9132c 813 
Nautical charts to be inspected _-_-_---_------ 91330 814 
Officials to be visited (list)_________-------- 9132e 813 
Organizations and offices to be visited (list). 9132e 813 

286 Planning ——< —Ssoneae ste a ee eee 9132c 813 
292 Preliminary preparation in Office for —— __ 9131 810 
293 Publications for reference (list) ----__------- 91315 811 
294 Purpose. = 2 ee eee yeh nee 9132¢ 813 

Sources of information===————— ee 913262-Pa es 813 
= Transportation to be used _-_------------_-- sie oe 

4 . ~ 9131la 1 
204 BieldsRecord"Book2 == =---=.- ==---=--— es EES 813 

294 folio headings>=~ === =322- eee 916 832 
295 lossaryee © ee eee 916 824 
294 TTIGGR. ORL: 2 ee Ba eo 9139 822 
294 Indexing ——, method of_________-_-_____---- 9135B(4) (0) 819 
294 information (see also specific item in alpha- 
885 betical Glossary, 916, page 824) 
294 Detailed ——, beginning in Chapter 4-_-_- 9135B (4) 819 
295 not to be duplicated in —— -___--_--_____- 913le 812 
288 required in Descriptive Report ie RGSS 8420 789 
286 Sources of —— listed -_--..----.------------- 911 809 
287 manuscript 
289 Bold-face type, use of__......-------------- 9136 821 
290 Cover title: -— --. —  s  eeeeeee 9135A (1) 816 
290 “<“lmportant: “Notes ee eee ee eee 9135. (6) 816 
289 Pretate* 2222. 252! 5222 SS 91254 (6) 816 
677 ‘Preparation of —— "ese eae 9135 815 



Page Column 

923 2 10th entry from bottom. For "When required" page no. is 796. 
9th entry from bottom. For "Seavalley" page no. is 55. 

925 2 8th entry. For MIndentifyiny read Identifying. 
Shoals, Prior surveys. Insert comma(,) after "surveys". 

926 al: Simultaneous comparisons, Sounding Record. Change 2nd page no. from 
7o2 “to: 760. 

Simultaneous comparisons, Tabulations for season. Change page no. from 
LOY to: | BL. 

Sinker for detaching rod. The two page nos. are 398 and = 410. 
927 2 14th and 13th entries fran bottom. Page nos. are interchanged. After 

6545, correct page is 611; and after "fig. 136", correct page is 612. 
931 a Under "Speed, survey vessel", aline "scales, graphic" vertically under 

preceding entry. 
934 2 Three-point fix(es). ransfer the ref. and page no. entries to the 

preceding entry, "Three-letter station names". 

935 1 Last entry. For evel read level. 
gow tad Tracing cloth distortion (table 23), Change ref. no. to 7114. 
937 ole Trolley soundings. Change ref. no. to 3115b. 

2 9th entry. Missing ref. and page nos. after "Plotting survey ship ---" 
are 3463 and 265, respectively. 

938 it 8th and 7th entries beginning with the words "Change" and "curves" should 
: be vertically alined with "Bar-—cleck" above. 

5th entry from bottom beginning "Abstract" should be vertically alined 
with the following entry, beginning "Observed". ° 

939 2 Vincent hydrophone. Change the preceding page no. from 256 to 265. 



HYDROGRAPHIC MANUAL 
Special Publication No. 143 

IMPORTANT ERRATA 

(Only errata in numbers and errata which might mislead the reader 
are included. Obvious typographical errors are omitted.) 

Page Ref. Par. Line 

OHH | Fig. 171. Change page no. 748 to 746. 
14 if 3. Change 1:180,000 or 1:20,000 to 1:80,000 or 1:120,000. 

(2. UFiR.6 Change 2nd and 3rd entries in "Remarks" column to 51° 32' 44', 
and 163° 06' 44!6, respectively. 

98 Last line on page. Insert comma(,) after "plotting". 
DEO | SD pL se 1 Last word inline is that. 

2 Last word in line is_ per. 
530 1 First word on page is layer. 
539 562 5 Delete comma(,) after "between", 
645 Equation(1), complete parentheses around the quantity (A -@). 
664 724 1 Last word inline. For know- read _ knows. 
763 Table 29. In second column, change 10 to ll fathoms 

; in four entries. 
yoo 8322 3 2 For "a" read "the" before "Sounding Records". 

ERRATA IN INDEX 

Page Column 

Beam campass, Use. 2nd page no. is 423. 
Boat sheet(s), Offshore —-. Page no. is 207. 
Boat sheet use at Washington Office. 1st page no. is 20k. 
Under "Buoy(s), Survey", for Siganl read Signal. 
Clock(s), hydrographic, Use. Correct ref. no. is 4542. 
Collodon and Sturm. For Strum read Sturm. 
Under "Control", change 2nd ref. no. from 2213 to 2231. 
18th entry, "Classification of ---", Correct ref. no. is 2283. 
3rd entry. Change "on" to "of" in Abstract of control data. 
Change 9th entry from bottom to Penciling ---.... 7762 731. 
In 13th entry, change key to keying. 
Under "motor, synchronous, Testing, etc.", correct ref. is 5267(j),(k). 
Fishers Island Sound. For round’ read _ sound. 
2nd entry from bottom. Change page no. from 51 to 53. 
Last entry. Correct ref. and page nos. are 166 and O51. 
Geographic name(s), Migratory features. Change on to | of. 
Graphs, temperature. Change "graphs" in parentheses to curves. 
High-water line. Change data in parentheses to details. 
Hydrographic stations located with reference to. Delete remainder. 
lst indented entry under above is detail on photographs. 
Under "Hydrophone(s), Sono-radio buoy, Dorsey", interchange the page 

nos. opposite "cables" and "compared with". 

Wo) ro) wo 

NVNNNEFRFPNNENKPEPRPENENEPRRE 

912 af Leadline(s) marked in fathoms or feet. For of read or. 
Leadline(s), Marking for use in checking. Change Marking to Marks. 

913 a Log(s), ship, calibration. Change page no. fran 35 to 351. 
2 Lyle gun. Change ref. no. from 263a to  2613a. 

Under "Magnetic anomaly", indent "evidenced by, etc." 2 ens. 
Under "Map(s)", aline "Local ---" vertically above "measure", 

914 2 15th entry under "Nautical chart(s)". Aline "Preparation" vertically 
above "Reporting". 

915 2 Oscilloscope. Correct ref. no. is 5267(1). Letter "ell" in parentheses. 
Last entry. Change page no. from 344 to 345. 

916 it Pelorus, Description. Change page no. from 345 to 34k. 
2 Plotter, smooth-sheet. In last indented entry, change ref. no. from 

7o32 (to 762k. 
921 1 Receiving units, acoustic. In cross-reference add "Acoustic unit" after 

"also" and delete the words "and receiving". 
922 aL 13th entry from bottom. Change page no. from 7901 to 790. 

(over) 



1 eataasllY ets 
Page Column 

901 

902 
904, 
905 
906 
907 

908 

910 

911 

912 

914 
915 

916 

917 

918 
gg 

920 
921 
922 

923 
924, 

925 

926 

927 

929 

930 

931 

932 

933 
934, 
935 

936 

936 
938 

940 

bo) [ PNHRPNRFPNNDNEFNNDNE 

PENFPNND POUNDENDE DN PROF 

woOnE 

3rd entry from bottom. Add dash(——) at end of entry. 
Under "Dividers, spacing", capitalize Description. 
Under "motor, starting", correct ref. is S26T(i). 
18th entry. For requeirements read requirements. 
Under "Equipment and instrument(s)". 6th entry. Delete "s" from "Surveys", 
Under "Field examinations", for Submittal read Submission, 
Flagstaff, definition. Change hyphen(-) to comma(,). 
Under "Geographic names" for Consulation read Consultation. 
Government services, etc. Ref. no. is 9135(B)(1). 
"Half-cosecants" and "Half-tangents" (table 41) in parentheses, 

kth entry. For linit read limit. 

Under "Hydrographic survey records". Pluralize Hequirements. 
Under "Instruments", for invnetory read inventory. 
Interval between soundings. I1st cross-reference is Echo sounding frequency. 
5th entry under K. Begin investigated with al.c. letter. 
10th entry from bottom. Begin standardization with a l.c. letter. 

lst entry above "Leaks, etc.". Delete "s" from "Weights". 

Memoranda, daily. For "for use n" read- for use in. 
Numbers. In 3rd indented entry aline "Position" vertically below 

"enunciated", and insert comma(,) after "hydrographic". 
Office work. For progeess read progress. 
Under "Oscillator" insert heavy dash(——) after 312 Fathometer —. 

Paperweights. Insert comma(,) after Lead shot —,. 
Photogrammetry. Change "surveying" to surveys) inside parentheses. 

Under "Plane coordinate(s}", begin unadjusted with al.c. letter. 
Under "Plotting", delete the hyphen(—) from, dead reckoning. 
Under "Progress sketches", capitalize Scale. 
Under "Publications", add heavy dash(——) after C. &G. S. —. 
5th entry. Delete the hyphen(-) from dead reckoning. 
Under "R.A.R. distances". Insert comma(,) after "of" in lst indented entry. 

Under "R.A.R. equipment, ship". Capitalize Operation cycle. 
R.A.R. recorded in Bomb Record. For ot read _ not. 
Last entry. For  charonograph read chronograph. 
Under "Reflection of sound in a homogeneous medium", capitalize Effect. 

Registry numbers of surveys. For munbers read numbers. 
Lthyentry., Por propellor — read’ propeller. 
Under "Salinity determination", llth entry is Records required. 
Under "Sediments". Aline "Classification" vertically above "Descriptive". 
Under "Sextant angles, Horizontal", aline "Measuring" below "Large". 
lst entry. Insert comma(,) after "navigating". 
Shoals, Isolated ——. Insert comma(,) after "surveying". 
Smooth sheet, Drafting, etc. To the cross-reference add "and Lettering". 
8th entry from bottom. Delete the entry "paper (continued)". 
Smooth sheet(s), R.A.R. Insert heavy dash(——) after R.A.R. 
Under "Smooth sheet(s)", two consecutive entries are Verification 

of ——, report and Verification of ——, statistics. 
5th entry from bottom. Delete the parenthesis 1) at beginning of line. 

Sounding(s), Frequency of. Cross-reference is Echo sounding frequency. 
Sounding line jumps. Begin jumps with al.c. letter. 

7th entry from bottom. Delete the entry "Sounding line(s)". 
6th entry from bottom. For nformation read information. 
Sounding Record(s), Reduction of soundings. Last part of cross-reference 
: is Echo soundings, corrections to. 
Last entry. Change page no. from 946 to 646. 
Stack, definition. Add C to ref. no. 8534C. 
Star sight records, transmittal. Begin records with a l.c. letter. 
lst entry should read Station(s), control —— Continued. 

Stylus, chronograph. In the cross-reference, delete the comma(,). 
Under "Sun sights", aline "Dead-reckoning" vertically below "Altitude". 

3rd entry. Capitalize Large —, 
Temperature(s), Seasonal. Capitalize all Seasonal entries. 
Under "312 Fathometer tachometer", capitalize three entries beginning with 

Computation, Record, and Verification, respectively. 
Traverse station(s). Delete (s) from Definition. 
Triangle of error. For Tiangle read Triangle. 
Under "Triangulation, Coastal", 1st entry, for shorline read shoreline. 
4th entry from bottom. Hyphenate divided word "Sounding". 
Last entry. 4th word is of. 
Wire-drag. Delete the 2nd entry of this, preceding "surveys". 
Last entry. Delete the second hyphen(-—) between "in" and "speed", 

M-2098-5 (2) 
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MINOR ERRATA 

(This list supplements the IMPORTANT ERRATA list. It contains all misspellings and 
other typographical errors discovered but not included in the other list; it omits in- 
stances of wrong fonts of type. Any errata discovered by the reader but not included 
on either list should be reported to the author. ) 

Page Ref. Par. Line 
57 1 1st two words on page are in depths. 

a 5 For traingulation read triangulation. 
2214 2 5 For theodolties read theodolites. 

89 232 Za hor sucsequent read subsequent. 

DSi 2523 aE K For sohre read _ shore. 
2 4  Transpose comma(,) at end of 4th line to end of 5th line. 

ios Delete comma(,) after "cable", 
152 1 6 For white washed read whitewashed. 
Nels 276 4 7 1st two words are’ be thinner. 
176 1 1st three words are it is easier. 
211 326 3 For tme_ read time. 

5 For maied read_ mailed. 
Zoe siraln 4 Delete llth word given. 
336 4412 2 1 For deadreckoning read dead reckoning. 

5 3  Transpose comma(,) after "parallel" to after "parallel to". 
354 4462 6 2 For yon to) read, ‘onto: 
494 5267(k) 3 2 Insert comma(,) in Then, if necessary,. 
515 Add period(.) at end of next to last line on page. 
5277 56 2 3 For lst syllable "sles" read "less". 
531 5613 2 Insert comma(,) after "illustration". 
569 Last line on page. Insert "of" at beginning of line. 
612 655(c) 1 3rd word from end of line is leading. 
622 665 2 7 Change is small to are small. 
630 Last line on page. Add peaea ) at end of line. 

64,3 Pluralize center head to Graphic Methods. 
644 6826C 1 1 End of line reads ata ros 

2 4 Add hyphen(-) at end of line. = 
ey)  7Ablz 2 Change when to where. 
661 7131 2 2 Add comma(,) at end of line after difficult. 
671 6 2 2nd line of last 8-pt. paragraph. For joihing read joining. 
682 Line above center head. For ununeessary read unnecessary. 

693 752 2 2 For disleoses read discloses. 
716 2 1st word online is integral. 
736 782k i 5 Insert comma(,) after the word protuberances. 
750 Change ref. no. in upper left-hand corner to 2s 
836 Tabulation of "Port Services". Delete semicolon(;) in Fuel oil. 
84,7 At end of last line on page, change period{.) to comma(,). 
869 Tide and Current Glossary is S.P. no. 228. 

ERRATA IN INDEX 
Page Column 

890 1 Ares. Aline "Constructing" vertically above "Distance". 
2 Under "Astronomic line(s) of position", capitalize Combining —. 
2 Attenuator circuit diagram. Delete comma(,). 

891 1 Beacons. In 2nd indented entry, for Polot read Pilot. 
2 Under "Boat sheet(s)", capitalize "Circle" sheets. 

893 2  Buoy(s). Ist indented entry is "anchors" l.c., delete camma(,) and dash(——). 
896 1 Circle sheet construction. In 3rd indented entry pluralize centers. 

Circle sheet construction. 6th entry. For fuctions read functions. 
897 2 4th entry from bottom. Insert comma(,) preceding "symbolization". 
898 al 3rd entry. Pluralize descriptions. 

899 1 Under "Current(s)", insert camma(,) in Ocean ——, study of. 
Insert comma(,) in "Cyclometer wheel, taut-wire apparatus, calibrating". 

2 3rd entry from bottom. For Percise read Frecise. 
900 1  Depth(s) at crossings. Change "at" to a comma(,) inside parentheses(). 

8th entry from bottom. For Puprose read Purpose. 
2 2nd entry, change "at'' to a comma(,) inside parentheses(). 

3rd entry under "Descriptive Report(s)", delete "s" from "Aids". 
901 1 Differences in depth. Change "at" to a comma(,) inside parentheses(). 

(over) 



Coast Pilot(s)—Continued. Helerence 
manuscript—continued. 0. 
MableopCcontents--eeese. s+ ae eee 9135 (3) 
AEA Tor Cio See 5 et cet ae irae en SE 9135 (2) 

new editions 
PPTOpaTaviOn Of ——) ee sek See 913 
ipiplicationintenvale. ose s-seee ease 91 
Serial numbers of —— _-_-_----------------- 9135.4 (2) 

MOLES ID Yate ldnpalhyeeeese = = eae 385 
(OV tea 000) i — A lll 
reports 

byatieldsnanties! ssc s-2-— 2 eo SIE 912 
Content =o nn Remorse 22s ER eee SS 912 
Local information to be verified -___---_--_- 912 
Method of making —— __-___----___----_--- 9121 
(PreparavionlOfiea=—se sg 2 9121 

required from field parties_-_------------- ce 

NOUCSO } — eee 385 
SU pi nlerste = see a Se _ 2159 
submitted in duplicate___---------------_- 912 

Revised —— text submitted as report__.__-_- 9121 
EG VASCIAP ORE See oe 9131 

Familiarity with coast pilot requirements_ 9131 
Instruments needed by —— (list) ..------_- 91315 
Publications needed by —— (list) _--._----- 91316 
Transportavion tobe Used... ae 9131d 

Special —— for Intracoastal Waterways _- ar 

supplements 
IPTEDArAtlOn Of ——- = 22 Set ag 

. A * 9 
Pup WeEtbionunterval: 22.22 2= oes te oe (ars 

JETTA OSG) 2 5 ee ees ne oe eae LIVE 88 2 915 
text 

Arrangement _.......-- Se ee a ee sae 

9135B (1) 
Chapter’ content= —----—-- -- see eens 916 

916 

Ghapter2ycontenta=--- 4 SS ee. { SSB) 

9135B (3) 
@haptens content... -- ==. = eee 916 

916 
Chapter 4 to Appendix, content___-______- 9135B (4) 
Content textentiofs= = oss ee 916 
correlatediwathicharts= = 2=- == es eae! 9135B(4) 

corresponds to chart series__.______--_-___- Nate 

Numbering lines of —— ___.__--_________- 916 
Verification of —— en route_________________ 175 

Code signals (see Flags, International Code) 
Collodon and Strum, velocity of sound experi- 

TOMES TOL ese ee ee ee ees 512 
Colors 3311 

iDavelevterse a=. senna a ee See See fist 
8121 

Depth curve symbolization__.______________- 776 
iFnvaropraphicisianal sie. ee | seen es 275 
Photographic reproduction of —— __________ Hee 

nigh 3 
SP OsiblommaImn DeISae ane ae ee (eat 

PAG pve GUISLANCELATCS: 22h === == eee eee 7637 
Shoals eee eS 8 ae ge 3623 

Combined operations, definition_______________ 1131 
Commanding Officer’s responsibility in Semce 

veying near dangers__-_._.___-___--_- 
Communication system for use in R. A. R. 
Bombing |stationsignalss: =. 22220 4--2 22 _- 6741 
Description! = =) 96 eek ae Pelee 674 
INecessitivplonjm——— = = = oben ees s- 28 674 
Sipnalsystandandesses see se a tee 6741 
VCS eee ae eee ees oS) PR oe 674 

Comparisons, simultaneous (see also Simul- Bee 
taneous Comparisons) .__.-.__-------¥ 5522 

Compass (es) 
ATLA ANICS Seee a eee 443 
bearings (see Bearings, compass) 
Boat —, installation..___________________-- 4416 
deviation (s) 
compensation, procedure. ___....___-___--_ 4414 
Dehnihione sss eae oe ee 4413 
Morms for USe)inim—._ 5 ee 144 
Frequency of ship’s swing for —— _______- 144 
Methods of determining —— ______________ 4415 
postedsinypilothouses=see= = 25 nee en ene oe 144 
Ship’s'Swine [OP 5 eb 144 

tabulated in Sounding Record___-------_-- lege 
Dumb — (see Pelorus) 
Gyro —— (see Gyrocompass) 
heading 

imcegrecss O-c00 == - wee ee a 8145 
omitted from Sounding Record___-_-_-____- 8145 
required in Sounding Record_____________- 8145 

INDEX 

Reference 

Page | Compass(es)—Continued. No. 
816 Magnetic —— 
816 AG aStin gg ———t oe ee 4414 

Automatic steering with —— _____________ 4432 
810 Compensating —— for deviation, proce- 
809 (GAD De ep ee Oe rl tel Alege Aa eS Seah 4414 
816 deviation 
307 ID CnIT ONE ne eens a eS 4413 

1 KODE ura MaMa aee ee ee 3373 
Methods of determining —— ____________ 4415 

809 Ranges for determining —— ____________ 356 
809 MagesinsrespONSO Sena eee eee 4434 
809 Liquid —— 
810 Compensation, parts for____-_-_-_- bi hoebris 4411 
810 DP ESchiM tones see ee ee ee 4411 
45 WADE Sine ase eee ee a ee 4411 

804 Standard graduations- ---_-------------- 4411 
307 Stan GanGes 12. Ces eee ee ane Se 4411 
46 Magnetic metals to be kept away__________ 4412 

809 Packing —— for shipment_-__--_-__-_-______ 434 
810 Standard —— 
810 Comparison with steering compass______ 4412 
810 Courses to be set on —— ________________ 4412 
811 WO CALIO NN Of —— ae ee _.. 4412 
811 * Steering —— 
812 Comparison with standard_._---___.____ 4412 
823 TOCALIONOL— ee eens ees Se 4412 
833 Stowedtiace downe= "sees see 4412 

Use in hydrographic surveys______________ 4412 
824 Warishion dennitione == eee 4413 
809 Master —— of gyro system __________________ 4422(a) 
824 Radio —— (see Radio direction finder) 
824 rose, special, for plotting dead reckoning ____- 7653 

Compass, beam (see Beam compass) 
816 Compasses (see Dividers) 
aus Compensating a magnetic compass, procedure_ aa 

a Computations of control buoy positions_______ 2513 
94 

817 by geographic positions (example)__________- 9441 
840 Dyaplanelcoordinates= =e a eee 9442 
817 Condensations in an acoustic medium_________ 621 
830 Cone, wooden, used in handling sounding wire_ 4657 
838 Confidential 
818 Charts seers = see Se eee ee ee 1321 
830 Reportireq ilined 52-255 Sa eee 1321 
818 Responsibility for —— ____________________ 1321 
816 matter 
832 Care ‘0 a ee ee ee ee ee 916 

se Responsibility for —— ___________________- { ie 

TRE AVSMAGbin gi— We ee eee ee 125 
survey data 

439 Care 10 la ee es ee ane Pe Pe 9337 
212 Reproduction of —___ ee 9337 
712 SUTEVEN Seana: ae ee es oe ee 125 
758 Photographic copies of —— _______________ 125 

Congested areas (see also Overlay tracings) 
730 Number of soundings that can be clearly inked 
160 Temes eh ie ae See lh 7724 
17 plotted on overlay tracings__.__-......-.___- 7752 

212 Plotting’surveys in) — ls ee 775 
712 Position numbers and day letters in —— ____ 7681 
707 Contemporary operations______________________ 38 
278 Continental shelf, definition.__________________ 168la 

6 Continental shelf, temperature conditions-_ ____ 632c 
43 Continental slope, definition___________________ 168la 

276 Contours (see Form lines) 
Contours, submarine (see Depth curves) 

635 Contraction in drawing paper (see Distortion) 
635 Control (see also Horizontal control) 
635 ACCUTACY es Rete see es weeds Ane RAR ee a 213 
635 Air photographic survey —— 
635 Frequency requirements___.._...__..-____-- 2213 
511 Merticalianglesmeeded=ae =. 2a es 2231 
512 andisignalipuilding== ss = et a eee 21 

buoys (see Buoys, control) 
342 data 

Incomplete —— used in adjusting dead 
339 TECK Oning: « 22! see je oe. a Nien 2378 

in dead reckoning, abstract___-____________ 3377 
337 of other organizations (see also Control sta- 
336 tions, other organization’s) 
34 transmitted to Washington Office--_____- 834 
34 Definition ees = ae aes tes aes ee 21 

338 Onder oh os eee eee 21 
34 station(s) (see also specific type of station) 
34 Accuracy of identification on air photo- 
34 STAPH S-~s =e =e Sees | eee 232(c) 

769 Accuracy of plotted positions on sheets__-. 232(b) 
Air photographie origin of —— symboliza- 

lone een ee . FEY SS 743(d) 
Boat;sheet: usages-=8 2k ee 3231 

764 descriptions (see also specific type of station). 854 
764 ROnMS sed 4-2) ew ew ee 854 
764 on air photographic surveys------_---_-- 733 

PAGE 897 

Page 

337 
343 

337 

336 
234 
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b Control—Continued. Reference 
Control—Continued. Reference station(s)—continued. No. Page 

station(s)—continued. No. Page spotted from photographic detail, sym- 
description—continued. Holizatlone is Seber eee te eee 743(d) 688 

on) boat sheets! © == — 2. sees =ee eae 3231 206 SVN DOM(S) Ga aa eee eae 743 638 
Transmitting —— ---------------------- 854 804 made with drop-bow pen.____-_-_.-_-_-- 743 688 

Descriptive Report requirements___--__-_- 842F 788 Plotting soundings near —— ___________- 772 719 

Errors in positions of —— ----------------- 244 105 points on sheet blackened by pencil, not 
Explanatory notes required on smooth e is ESE A Te ri Week 743 688 

Sheet--.----------------------------- 781 734 Temporary —— for hydrographer’s use_... 234 91 
Floating —— (see Buoys, control) Three-point fix, strength of various ar 
Frequency in spacing of —— -------------- 212 61 rangements= =<. <.2- ee 3332 217 
Hydrographic —— : Unused —— crossed out on boat sheet____- 3245 209 

Miscellaneous methods of locating —— .- ae ap Unused —— not shown on smooth sheet___ 74 683 
Srequired2:¢2.t 2.24 ee : terms; definition. == *---- eee 211 59 

ceed {8321 779 Controlling depth notes on charts compared 
3 pee 2 3231 206 With smooth sheetsas- =. ees 93455 857 
in sounded areas, descriptions required --_- Cae) Se Controlling hydrographic survey (see Horizontal 

F 5 ‘ control 
List required in Sounding Record- -------- 819f 770 Conversion a 

located by Depth units and fractions______-___________- 7716 716 
buoy-intersection method__-------------- 2283 86 in CoastiPilot: =. = 1 3sisb on See 916 835 

Classification of —— ----=----_-------- 2284 86 Miscellaneous —— — ee 963 882 
geodetic methods resulting in less than Linear distances (fathoms - meters - feet - 

third-ordernaccuracys-—-—=s—— 228 84 Wands)_.-..-._. §S 4 a eee 963 882 

offset traverse along a coast__------------ 2284 - 87 Linear distances (nautical miles-statute 
one angle and a range_---_---------_----- 2281 84 miles-kilometers).___________________ 963 883 

Classifica tion! Of eee 2281 84 Mapiscalesl..=20 2 <2 4 Sn cee 963 884 

sextant, records required_______--_-__---- 8321 779 Temperatures (centigrade-Fahrenheit)____ 963 833 
ship-intersection method - --------------- 2282 85 Coordinates (see Plane coordinates) 

Classification of —— -------------- ---- 2282 86 Goring instruments 4762 414 
three-point fixes_-___-...---------------- 2285 88 Tmipactity per case ues a ne cee 4762 414 

(Classifications: == 2. epee eee 2285 88 Pirroteuntee: 2.262) 2) ee A764 415 
computed --.-------------------------- 7416 687 Vacuum ledditypes 20s Se eee eee 4763 414 
Requirements______-- =--=-=--==----~-- 2285 88 | Corrections, slope (see Echo soundings, correc- 

unusual methods described in Descrip- a tions to, slope) 

tive Report___._------_-------------- me ‘ Be Corrections to echo soundings (see Echo sound- 
Locating —— along inaccessible coastline 5583 86 ings, corrections to, and Velocity of 

: 0 sound corrections) 
names ((isf) ---_~--------------_----------_- 965 887 Corrections, velocity (see Velocity of sound 
Agreement between boat sheet, smooth corrections) 

sheet, topographic sheet, and Sound- Correspondence 
ing Records. - ----------------------- 689 containing coast pilot information --_-_-_-- --- 9123 810 

Agreement between boat sheet and Of Processing Officas!_20. 0 ee 926¢ 846 
Sounding Record. -------_-----.---- A245 209’ || @ost apportionments.____.__-.-______- J. 156 42 

Agreement in overlap of two sheets. ._--_- 7441 690 | Cost data required in season’s report --__-__-- 8515(9) 796 
assigned arbitrarily-----------..--------- 2151 64 Course(s) 

assigned by hydrographer---------------- 3231 206 Accuracy in dead reckoning_______--_------- 3372 234 
Assigning mn 6 - -- ---------------------- 2151 64 Changes in— 

iBoatisheeh——_— eee ee eee or 26 between positions, indicated on boat sheet__ 3252 210 
‘ aw Fixing position at —— _____________-_---_- 3463 265 

iBombrRecordentries == 831le 77 . 3 3421 254 
Duplication of——— eases 215(f) 64 fomlingdlend line sane eee eee ace 263 
Hydrographic ——, preferred arrange- in deadireckoning_ Sass!) sa) uulen seem 3373 234 

MNeM Gt ONISHCCts == ee en eee 2153 65 in ROAR bo. ee 1 es Oe 683 645 
Important —— in capital letters_---_-..- 7442 690 in winding waterways.__________ ie "_ 3352 296 

Inking —— ---.-------------------------- 744 689 Large ——, how to plot___________________- 3373 235 
_ Colors used in —— -_--.---__-.------.-- 744 689 Large ——, how to record_._____-___-_____- 3373 235 
in sounded areas, inking to be deferred__ 7443 690 Plotting —— on smooth sheet____________- 7682 713 
Leroy template and pen to be used_---_-- 7442 690 Positions to be taken at —— _.._____.___.- 3312 213 

Lettering, size and character_____._------ tore Bat Repetition of orders-___- See eee nee 3417 253 
a ; Changing —— before plotting fix____________ 376 295 

Lettering, size of Leroy template_-__---_ 7231 664 Changing —— to follow proposed line______- 3462 264 
List of —— in Sounding Record -_---___- Ae 65 Coast Pilot —— (see Sailing directions) 
not to be changed __-_-_- j= 7 === ----------- 215(6), (c) 64 Compass , conversion of (rule) ____-__-_-- 4413 337 
Number of letters used in —— -------_-- 2151 64 in dead reckoning_...________________-_____- 3373 234 
Orientation on sheet_-__-_.--.---.-----..-. 7448 690 in degrees, OrS60b. te oe oe ay ane 8145 764 
Overlap of sheets, agreement of —— in__ 7441 690 Recommended —— (see Sailing directions, 
placed on sono-radio buoys---------_----- 2814 165 recommended, and Sailing lines) 
Placement with reference to symbol. ---- 7443 690 recorder, of gyrosystem_______.___-_-__-___- 4422(d) 341 

Preferred types__------------------------ 215(d) 64 Straight ——, importance of, in taut-wire 
Purpose- --_-_---------_----------------- 215 64 THEASUEGEIOD LS ee ne ee 4466 357 
repeated in Sounding Record_-_--_-------- 8146 764 Gove: definition: 222222 o= ms soa eae 16820 54 
Selection Of ———— ee See a ee 2152 65 pimreT Ty ee ee 7 hae or he a ee 761 698 

2853 188 Cover, smooth-sheet, description and use_----- 
Surveysbuoy—_— eee { 772 718 

: 5 286 T8855) C@oxswain (duticsto tee aan anne 3417 253 
When assigned _______------------------- 2155 66:"'y Greek, definitions 2-0. -.-. =. cense ean aang 1€82c 55 

Other organizations’ —— Creeks, narrow (see Waterways) 
Geodetic connection to —— ------------- 216 67 Grest.;definition seen 6 aes ee 1(82e 55 
identified on smooth sheets___-_-____-_-- 781(e) 734 Criftig___ Eevee. Tend a eee 6734 634 

Topographic connection to ——_________ (a6 a DD GSCrtp GOT seen ee 6734 634 
tes operation2 222) ee os eee 6734 634 

plotted on smooth sheet before inking pro- 3 5 ses 6734 634 
TOCHION: =o ee ee ee 73 6 sin eS ts. n, Sea ae eT a 6842 647 

Plotted positions to be verified___________- 745 691 Comping LU asad ones ee E Ecosse ces : 
Plotter’s and verifier’s initials reeorded____ 746 691 | Critical angle 

ing —= betweeniaipand: water-------- = 6221 562 Plotting aes ee 74 683 
DY iCUtsotee tas le ee ee en ee 7415 687 between water and ocean bottom --__-------- 6221 562 

byadisancdidips ge) aan mnenes 7411 684 Definition = --- 6221 562 
by tracing-paper transfer_______________- 7413 686 | Critical a plotted on smooth sheet during mn we 
with latitude and longitude scales_______ 7412 685 eld surveys-----------------------_- 
with proportional dividers_-__----_------- 7414 685 Crosslines (sounding lines) --___--------------- 357 274 
with three-arm protractor _______-__----- 7416 687 Depth discrepancies (see Depth differences 

POSItIONIEITOLS 2ohe ee ee eee 244 105 and Soundings at crossings) 
‘Relocation: of ——$_ 3 ee Se 244 105 Directioniot —_.2- 5 eS 7 275 
Selection for a three-point fix. ___.-_---__-- 3333 217 Extent:nequired = .°_ 2). 225-5 ns* > eee 357 275 
Signal building and —— _____-____-____---- 21 59 Purposes 22222 = ==. ee eee 357 274 



Reference 

Crosslines (sounding Jines)—-Continued. No. 
run under different conditions from syste- 

TITALICHINGS setae eee eee nn 357 
WiieKeme (ule dees eee 357 

Cross references in Coast Pilots___------_----_- 916 
Cruising radius of C. and G. S. survey ships_ _- 41 
Aero lad efiaiiO Nae eee a ee ce 8534C 
‘Current(s) 

ATIOWaNnCe TOR —— ~ =. —- = ss eae tee 3375 
on dead-reckoning loops-_-_---_------------ 3371 

Anchoring and weighing buoys in —— _____- 285 
Anchors of moored buoys alined with —— ___ 2851 
Woast Pilotmeqduirements:---__-__- - 4._----- 916 
Descriptive Report requirements____________ 8420 
direction gaged from survey buoys_-__-_--___ 285 
Effection log calibration-<2- = -=2----12-=-.-=- 4454 
SE TECHOMISOUNG WAVECS---—------- -- 2 ae ae ee 6354 
Effect on velocity of sound ---_-------------- 6354 
Force exerted on buoy anchor cables_________ 2832 
Handlead sounding errors in —— ___________ 3421 
Handlead sounding in —— _____-_-_________-- 3141B 
LAAVACINIVAONSUOA See) 5 3464 
meter, radio (see Radio current meter) 
meters, cleaning and oiling. _________________ 4313 
observations, instructions for_____-_________- 1217 
observations, required when locating survey 

IOVS eh eh tee ee a eee 2512 
Occhi —— Gh) _ a ae 478 
records, not sent-to Processing Offices________ 9234 
SOHMGIN Galen) oS Ne ee 3464 
‘stations, Descriptive Repert requirements___ 842D 
stations, smooth-sheet requirements____.____ 78€5 
Surface —— , effect on wire soundings_______ 3422 
surveys, length of series of observations______ 157 
Taut-wire measurements, record of —— re- 

Cie ees Se ae ee 4466 
variation affecting position of soundings_ ___- 3464 
velocity, unit of measurement used___-______ 124(h) 
Weighing buoys in ——_________-____________ 285 
Wind-induced —— 
described in Chapter 1, Coast Pilot_______ 916 
DINE CHO Seen re neg ne 8 LPL) ease 285 
Rules for directions and velocities.__-_____ 3375 

Curves, depth (see Depth curves) 
Customhouses listed in Coast Pilot_._--_______ 916 
Cuts, sextant 
Accuracy Leth seu ae ee a te ad ee es ie 769 
combined with angles to locate a buoy__- esse Panis 
Dent Ome e oe eee Sr eee ae 7415 
Identifying —— during smooth-sheet plot- 

(HTOYE? eo ee Rt Oe ais Sr OS OR ALS Ue 769 
Index of —— required _--__._-.-.--_--______-. 7415 
indexed in Sounding Records._______________ 819d 
penciledromboat sheete = eee eee 3244 
Plotting control stations from —— _________- 7415 
Plotting —— on smooth sheet. ______________ 769 
recorded in Sounding Records______________- 8321 
Recording ——, method______- eee Cie 248 

Cutting in a control station from a vessel_____- eta 

Cyclometer wheel, taut-wire apparatus cal- 
ibrapingseess<--= 2 2022. a 4467 

D 

Danforth anchors, superiority of.______-______- 2831 
Danger of surveying shoals__________________.- 361 
Dangerous areas, unsoundable, data required_. 3244 
Dangerous waters, keeping a lookout when 

SUEVE YIN Gemrie Sseee, Hell yeh he ees 3465 
Dangers to navigation (see also Dangers to 

navigation and shoals; Least depths; 
Obstructions; and Shoals) 

Coast Pilot requirements____._______-_-_-__- \SIe 

Depths shown on smooth sheet to half feet__- Te) 
Descriptive Report requirements___________- 842 
discovered during survey 

Wi a rkini omen 8531 
Reporti———| Dysradiowen ss. ee Oe 172 
reportediimmediately~ 222 5220227) 22 ee 8522 
LEDOLLedstOnw home aaa enn! CL RUNS 8522 
Reporting ——, form of message___________ 8522 
Temporary marking SES ae Ae 2812 

Distances estimated from sounding lines_____ 815(f) 
Floating ——, reporting___.________________- 8522 
Floating —— to be reported to Coast Guard_ 365 
form prior surveys to be verified_____________ 3234 
investigated from vessel in transit__________- 172 
Precautions to be taken in vicinity of —— __ 1581 
removed by blasting or dredging, least depths 

CORDeMV.erified Besant ee NU 3523 
reported by Coast Pilot reviser______________ 9133a 
Ereportedubyz,radiou. ssa ee sa Nt et. 159 
Reported-——, investigating.__.__-.-__------ 3236 

INDEX 

Reference 

Page | Dangers to navigation—Continued. No, 
reported umn ediatelyens see eee Ue 912 

ar Sounding in vicinity of —— ____.__ = vee 

836 Undlspovarad ——,, Possibility of.-_..._-__.__ 31 
311 Wire-drag finds, showing on smooth sheet___ 7866 
808 Dangers to navigation and shoals..____________ 36 

All —— in project area to be found_____ 36 
236 Appearanceiof—— 3 a 3623 
233 COT OT 0 fe oe ee pe a ee 3623 
184 Conditions under which best seen___________ 3623 
187 Deletion from a publication__________-______ 352 
839 disclosed by 
790 Clo Kobi eee ae are ee ein 7 wl rey 3623a 
184 SHVATTOPOULISE 32 eee hse nee enn 3623¢ 
351 KC] DE eee ete ne ta ee eee aN eee 36230 
592 SYSUGMatic SUnVCy === ase ann eine wen en 3621 
592 disclosed on air photographs.__---- 3624 
173 diseayeredavistially= cy oue anu enn 3623 
255 EIXISteNCe GIs pLoveda a uneen Dee nnn 352 
199 352 
266 Known —— to be verified__._._..._-- 3521 

: 3522 
332 Lookout stationed as high as practicable. __ 3623 
13 Proof that a discovered shoal is not a reloca- 

tion/ofia known!’ shoals) Vesey 352 
113 reported wocally esha ens ees 3622 
417 Sounding in vicinity of possible ——____ 361 
845 SOULCESIOhE Vid eEnces=sss see en ns 362 
209.1). Danger zones: ene es. SHIRE ORNs, WiKi ks 916 
788 | Data, miscellaneous, included in Descriptive 
744 ROD OL ts = Stet we a enna weld oa 8436 
256 | Data, miscellaneous, in Descriptive Report 
42 (Ho Sa REY EI AY CRE eB ere 842U 

Datum (s) (see also Geographic datum; Geodetic 
356 datum; Sounding datum; and Verti- 
266 cal datum) 
15 iINautical(eharti——— 525-8. ee 1125 

184 note, verified by reviewer___________________ 9342e 

840 Day letter(s) ait 
185 signi — Y Bah BEANS SS ae {si 

829 Eos i Sta S| oploloL es Sa eS Ee {sual 

Definition 2 21s 1 steed «n Cote One 8121 
714 Inking ——'on smooth’sheet_ 221-21 /)=s8515)) 7681 
116 SIZC10 h—— ek Se Ne ew ee pie te 7681 

687 Day’s work 
Beginning of ——, Sounding Record require- 

714 TN ENTSE See wat ee aes eee aS SE 813 
687 End of ——, Sounding Record requirements_ 816 
770 First position, latitude and longitude re- 
209 GUIned Eee eae ere Pe TSE reyes 815(a) 

ar Dead mTeckoning ye 2 =: has. = Naoe ee Tee eens Topas 337 

779 Vom verr Oral INGA P-L ee 

a0 AACCULAGCY << c= OS IO OER SATE ALLY 3372 
adjusted graphically to bearings_____________ 3361 

115 3377 
358 AC GILS HEM CN GRE ee ee ae pais 

Bearings to distant object to strengthen ——_ 3361 
Changing course in —— ___------8 3373 
Compass deviations to be known____________ 3373 

172 Cotnses\yinta——— ee ne ne 3373 
276 Gata ReeAS Re SUnVeYS=.-- loosen oleae 6812 
209 Definition. 6-2 oe oe. Rer old amano” HR UAS 337 

ID IStANCESHM ee SE ee Ree Be 3374 
267 IS TTOTS Al — s = seg se et TTR eT ideal 337 

3322 

in hydrographic surveying________._..______- aad) 

829 3371 
838 Length of unfixed —— allowed______________ 3371(1) 
715 TGOSS senna ess Dee PA oe es 8 3374 
789 loops, offshore 

Adjustment/ofclosune.2=s- 22402 eee 7634 
799 Description= 22254-2523. 2_. Swe a 3371 
57 Plotting and adjusting —— _______________ 7634 

797 IPlOCG in pines Pt ES Pa ad eae ee 7652 
797 Mlotswisedsinwh Avner ee eerie 7634 
797 Analyzing R. A. R. positions by use of ——_ 7637 
164 Compass rose, special, for plotting ——_____ 7653 
766 Disposallof.————.-= 522: 202. LD ete Pie 7653 
797 PlOttin g ———' 26 ee be Oe eda 7653 
282 by logidistancesssse- ce ieee ase ee Cae 7653 
207 by wbimerss 25... 3. aren SUEEGa Te Ter feat Y 7653 

oe ON SMOOtnISheetSa= === —=saenne ne aes (785 

using universal drafting machine__________ 4851 
270 Position frequency in —— __________________ 3381 
814 Percise ——, description_____________.______- 3379 
46 Running Surveys ee ee ee ee 3941 

207 Sea effect joni ya a = ee 3373 

PaGE 899 
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Reference 
Dead reckoning—Continued. No. 

sounding lines 
Abstract on control data__.-.-....-..---=-- 3377 
adjusted to partial control data__--_-_----- 3376c 
Control data, miscellaneous_-------------- 3376¢ 
Fixed position at end of —— ___----------- 3376) 

Fixed position at start of ——..__________- {338 
Numberimg positions on —— _____________ 3311 
Position frequeney requirements_-__-__-_--- 3313 
Ruin in ea ee ee ee 3376 

Speed dn ti ee een os 2 eRe 3374 
Speed or log factor determination ____-______- 7651 
Stops, elimination of, in —— ___------------- 3374 
supplementing astronomic observations-_-_-- 3371(3) 

supplementing RAC UR a ane eer thes 

Wind and current allowance___-_------------ 3375 

Decimals 
Smooth sheen, use Onsen ene seen eens 7734 
Smooth sheets, where required on__-_--______ 7714 
SOUnGINE USE un en eee 8143 

Declination, magnetic 
(Definition: 5+ 282-9 tees a) tee sheet 4413 
Where to find value of —— --__-------------- 4415 

Weep; definition: == =22- =. oe 1681) 
Deep-sea depressions, terminology------------- 1681) 
Deep-sea elevations, terminology---_-------___- 1681¢ 
Deep-sea soundings (see Echo sounding expedi- 

ents and Wire soundings) 

Deficiencies of smooth sheets_-__-------------- 795 
Definitions (see also specific term) 

of sea and port terms, where found__-----_-_--- ie 

Degrees and minutes, symbolization____-__-__- 7323 
Degrees, centigrade and Fahrenheit, conversion 

tablese ee ee eee 963 
Degree-volume of a thermometer_-_-__-_-____-- 4712 
Density of sea water (see also Salinity) 
Apparent ——, definition_._--_.-_----------- 6331 
Observed ——, Kuiahitition sles n es 6331 

Deposits, marine (see also Bottom characteris- 
tics and Silted areas) 

Geographic distribution of —— ___---------- 3848 
Y 0 eee eee 3844 

Depression(s) 
Definition-__----_------------------ Sassesse 16815 
in irregular bottom, soundings required in___ 3433 

Depression angles 
ACCUTACY=e= == see sea= jeaieenaceceensesece 3362 
Formula for determining distance----------- 3362 
Mi faviony OMUSOseeees — aa ee ens 3362 
TOnDILOVSe=eee cee ahs Soe er et oo ee 25 
To\objectsimewater-=\ === aoa 3353 

Depth(s) 
at crossings (see Depth differences and Sound- 

ings at crossings) 
Changeable ——, date of sounding data re- 

Quine ae 916 
Changes in ——, positions at_-__-__----_------ ssu@) 

CUTV.6 (S) ase anne eee eaten 776 

. =, 353 
Abnormal —— disclose survey faults_______ (ees 

Boat-sheetim— 2 nes. 22 ae eas see ee 3254 
Interval between —— ____--------------- 3533 

Coastal shelves, type of —— on__-_--____-_- 353 
Color representation (table 27) -._-..------- 776 
Contours on adjacent land, similarity to___ 3531 
defined by half-foot soundings_--__-__-_-_- 7713(f) 
Definitions 222235 Ss set eae ee 776 
delineations==—= = 7762 
Evidence of adequacy and accuracy of ae 

SUBVCY 22 nts oss es eee ces Saco ae oes 7772 
Evidence of errors in soundings____--___-_- 774 
Examine ono f——= 2-2 93426 
Horizontal displacement__________________- 3571 
Il-defined ——, symbolization____________- 7762 

Inking —— on smooth sheets-_--_____-_____- ee 

interrupted at soundings and positions____ 7762 
Nonstandard ——, where used__________-__- 7761 
Omission of selected —— ________-__--__--- 7761 
Penciled —— left on smooth sheet_________ 7761 
Pupros@) et 22 = 2s 55-2 Sons osscsss se 776 
Safety considered in drawing —— ________- 7762 
Selectionee ss 2¢ S22 et SP Peete eea eee ss= sess 7761 
Smooth-sheet ——, when inked____________ 776 
Smooth sheet representation patterned 

aftersboat, Sheet =222 025 - 5.35 7762 
symbolization: (table/27) ha-= eee 776 
Topographic experience valuable in draw- 

ing —— 353 

INDEX 

Reference 
Page Depth(s)—Continued. No. 

differences (see also Soundings at crossings) 

al Allowable — o7t 
236 MRE Soe oe ee 7771 
236 based on depth curves_._------.--.--.___ 3571 
236 at. ecrossingss2; 24's Sa7u ht ae ee 3571 
236 Inspection Of === 2 see ee 9342a 
238 Cases: ae ans ne ne ee 7771 
213 Descriptive Report requirements__._______ 842K 
214 Examination of —— required______________ 7771 
236 Field investigation required_______________ 3571 
235 Horizontal-position errors causing —— ____ 3571 
709 Resoundine- requiredo—-_ = = eee 3571 
235 measured by use of reversing thermometers__ 4715 
234 measurement(s) (see also Echo soundings; 
705 Handlead soundings; Soundings; and 
709 Wire'soundings)=--5---- oo 311 
236 accuracy requirements 

methods"approved=_ 22 se Vee 
724 methods noted in Descriptive Report______ 842H 
715 methods iopsolete== ea sss 22 =o nna eee 3115 
762 UNIS? Soe aes a eee 124 (a) 

Rules for various depths and instruments. 3112 
336 measuring apparatus) ee 46 
338 Oceanic terminology, definition_____________- 16816 
: 54 registering devices (see Registering devices 
54 and under name of specific instru- 
5 4 ment 
‘ Unit(s). .e. 3. 24s. eT Sees ee 771 

Atlantic\Ocean\——-__- 5-2. ese 7711 
a Changing —— in Sounding Record_______-_ 8143 
751 Cosst-Pilot:usage== ae eee 916 

conversions. 2222) es GW eee 7716 
830 for various depths and conditions (table 29)._ 8143 
841 One —— only on one hydrographic sheet__ 823 
669 Pacifie: Ocean — 2 sss en ee ee 7712 

Rules for various depths and instruments. 3112 
883 Depth layers in velocity of sound determina- 
402 tions 

54 Adjustment for unequal —— _______________- (este) 

Selection Ofi——*_ 22225 _ ei ese ae 

Depthometer, Bludworth (see Bludworth 
305 Depthometer) 
303 Description Bh stations (see specific type of sta- 

tion 
54 Descriptive geographic names-____-_-.---------- Hie 

258 DesceriptivesReport(S)= sss ee 
Additions inserted at Washington Office____ Sd 

208 Aids to navigation, nonfederal, report on____ 3834 
208 Aids to navigation reports to Coast Guard 
298 mentioned s.25 4252 = 28S se eee 853 
110 Approval by Chief of Party---.-..-.-_.____- 8437 
226 Bearings, recommended, to be described_____ 356 

Boat sheet notes to be incorporated in——__ 84 
Coast Guard, reports to, mentioned_________ 3832 
Coast Pilot information duplicated_____-___- rhs 

Be Content= 22s) ee ‘ec 

213 Contents¥scequence of. == oi 

270 Courses recommended, to be described______ 356 
730 COVED 8 ote een oa ee 8411 
270 @rossireferencesmuseOtss. eee 84 
733 Custody of ——, at Washington Office _______ 931 
210 ae 385 
971 Daily journal for —_ = = eee {3 4 

270 Value to smooth-sheet plotter. ___._________ 76 

ie Dangers and shoals disproved, report on____- Nee 

715 Dangers previously reported, to be men- 
729 tioned eo sea ee eae eee eee 8522 
731 Data prepared on seasonal basis_____________ 84 
270 deficiences jtypical-= == == = - == eee 845 
733 Depth discrepancies between two adjoining 
725 surveys, investigation reported______ 3132 

a Geographic name data to be included____--_- {ee 

732 Least depths cleared by drag reported____-__- 3663 
732 Least depths, unverified, reported___________ 3521 
853 Low-water line not developed, justified______ 3122 
731 Marginal notations by reviewer__--_-______- 9346 
730 notes furnished to Processing Offices___--_-__- 9231f 
730 One — serving for several hydrographic 
730 SHGCUSS . aete ee  ee 84 
729 iPrepsrationl Of —— ee 84 
731 ateerocessing | Ofices = eee eee 9241(h) 
730 IPUTDOSO! eee - cee ee ne ee eee ee 84 
730 Ranges recommended, to be described______- 356 

Reviewer’s use of —— -__--___---------------- 9346 
731 Rock data disproved, to be explained________ 363 
730 Routed to interested sections____--------__-_ 8445 

270 Sequiencelorcontentse sass eae eee a 

269 Shoreline omitted from boat sheet, explained_ 3232 



Reference 

Descriptive Report(s)—Continued. No. 
Shoreline revision explained ----------------- 381 
Stahisticsmmeg ine Case ee nese a ea 8431 
text, arrangement of_-------------.---------- 842 
text, FORE DARN AO) Os ee oe Se SSS 842 
Hitler nee rea bo Teac ses-- 8411 
Vonifier SKt1S0) Ofte Se re eae 9331 

Detached positions 

Check angle required ----_~------------------- jet 

MOT AT Ce eee ee 766 
Plotting —— on smooth sheet --------------- 766 

Vier EGA IOM Ofna 7911 
Detached soundings (see also Detached posi- 

tions) 
Settlement and squat correction__----------- 553 

Detaching rod 
MEpibeLOupeseGlina sss 2 2- a Se eras 4665 

Description ton 
“SSS Seay as ee iene Cae ~\4744 

. . 4665 Sinkeriusedi with —— =-.---.------wesssteeth { 474A 

Dimensions and weight_-_-----________-_-- 4665 
Detail, excessive, avoided in Coast Pilots____-- 916 
Details on smooth sheets, inked or penciled 

(EQDLEU 8) eee ne ee ee ene eee 792 
Details to be included in Coast Pilot (see speci- 

fic item in alphabetical Glossary, 
916, page 824) 

Detonation of bombs 
WMeninireduchions e225 = "= 2255 52382 ea 6846 
Failure to detonate, causes_----------------- 6848 

WD GhOMALON Ss) see on ne a ee ene 2 ee Se ee 667 
Grimping|——-) method22= == -- =*- === ss - 6842 
Electric —— 
DuPont “‘SSS’? —— used in experiments___ 667 
1B. 40) (ove lias ae 667 
Induction’ period in —— --.--------------- 667 
Ca ntioc yess 8640 ee ee ee ee 667 
Type of —— mequiredHorievecw he 667 
Wisennexpeniments2-—- <= 2225 52 eoe 2 e222 667 

fuses (SCeialsOnMUSG) ~.-===---=---.=-s224320 25 668 
ING VAN TACOS sae = eee ee 667 
IDESCHID iON Se sees ee eens 667 
Mercury, fulminate of, used in —— ______- 667 

Inserting —— in bombs_--___---------------- 663 
RUE DOS Cee eee one oe ee wes SS ee 667 
DUO WACOs eee a See ae ee sc lass ses 667 
LOE ee ee eee 667 

Meyclopmene nyGrographichassess saa nee ae 355 
Boat sheet Park GdifON =e etl Fees OS 3242 
Bottom character to be considered__-_-_-_------ 3621(c) 
Changeable area requirements_-_------------- 355 
Completion of —— at end of season___------- 1343 
Congested —— (see Congested areas and 

Overlay tracings) 
Wefnitionss es oe Foe eee ee eee ere 355 
SXLERSIVe SHOAlGTCAS-= 8-22-22 2 ee a 367 
1).q 201 HG) | ———— is oe ee ee 355 
mSHOTeIarOaS = nee oe ee a ee 355 
Navigational importance of area to be con- 

CIC ORCC am ee eee tam 3621(b) 
Need for —— to be expected__________--___--- 3243 
requirements indicated by adjacent land ____- 355 
Sandibanksiee = ee ese ee Re ee et eee 367 
Shoallindicanions see sass sae eee. = 355 
Sounding-line direction __----...------------- 3662 
Wire drag substituted for —— -__----------- 355 

Deviation (see Compass deviation) 
of radio direction finder (see Radio direction 

finder) 
MDs OMLOOZC meee Se ae ee ee eee Se ee aS 3848 
Differences, distance, R. A. R. (see R. A. R., 

differences of distance) 
Differences in depth (see Depth differences and 

Soundings at crossings) 
Diffraction of sound, effect on R. A. R____---- 6233 
Dinghy, description and use___---------------- 4247 
Dip of the sea horizon 

correction to sun-azimuths___________-------- 941 
ROI O¥-—— eee ee ST ee 3362 

Direction, sounding line, R. A. R. (see Sound- 
ing lines, R. A. R. 

Direction theodolites (see Theodolites, di- 
rection) 

Directions (see Sailing directions) 
Sailing —— (see Sailing directions) 

Directivity of echo-sounding transmitting 
TENTS A ae see ae ae Coe 5145 

Direct path of sound, maximum length___--__- 6223 
Discontinuity of medium transmitting sound __ 

I ACEOLS CAUISIN Pim ee 5144 
Reduction of echo intensity due to_____--_--- 5144 

Discrepancies between topographic and hydro- 
graphic surveys to be reconciled ____- 381 

Discrepancies, depth (see Depth differences) 

INDEX 

Reference 
Page No. 

296 Disk, station mark (see Stations, control, marks) 
791 Displacement, vertical, of vessel (see Settle- 
787 ment and squat) 
787 Distance(s) 
786 Dead-reckoning:—— 2. = 22-2 3374 
849 Estimated ——, unit of measurement, 

Stancard eer eres ae oe ee 124(b) 
282 Estimating ——\at seas 9-2 ee ee 335 
711 ap —— 
710 measured with map measure_------____-_- 4833 
710 measured with opisometer__-----___-_-_-_- 4832 
748 measured by 

depressionsan gles sere = oe 3362 
Precautions required = =_-2_ 5525. ese 3362 

513 range finder, accuracy Obtainable____--___- 455 
sextant (see Sextometer) 

398 subtended vertical angle______.__---_------ 3363 
398 IPTeCaniONS TEGUITeC see ne 3363 
410 Shipisiforemastiusedesseen essa anne 3365 
398 TALE Vee eee ae es ARATE 2 4466 
410 vertical angle above horizon______________- 3364 
398 Formula for —— _______-_--__-_------- _ 3364 
830 Units of —— measurement, standard ___--__-- 124 

(Umitstused ini @oast bilotsa eee 916 
749 | Distance angles (see also Circle sheets) 

Wise developing shoalSss-se essen ee 3662 

Use in running sounding lines__------------- (eae 

Distance ares, R. A. R. (see R. A. R. distance 
649 ares) 
650 | Distance circles, R. A. R. (see R. A. R. distance 
624 circles) 
647 Distance to work in Sounding Record _-------- 8133 

Distortion in drawing paper (table 23) _----__-- 7114 
624 | Distortion, survey sheet 
624 ID etermiiain ly ——\ ee ee ee 7361 
624 Determining east and west —— _____--_-_--- 7371 
624 Dms. and dps. adjusted for —— ______------- 7411 
624 effect on projectionless sheets__-------------- 737 
6245 eDivid crse eee 2 ee Ol ate Fee ees 481 
625 BOWES D Din ote ee en eee CR 4811 
624 DESERIDLONee eee eas hone See Eas 4811 
624 13 Gibesjo)gia()—— ee eee ee 4811 
624 A GiUStmentss: sae ee Sa eae ee eee 4811 
621 Descriptions aes ene eee ere ees 4811 
624 Ordin aisy a re ea eee _. 4811 
624 Carelo i= —— te ae ea rete east e 4811 
624 ID ESCrip tl One eee ene en eee 4811 
272 Sharpening —— points________--___------- 4811 
208 Sizecit awe! Sag ene 2 PS eek ee anton 4811 
278 Proportional 2 a ee 4812 
273 IDESCHIPELO Nee eee oie ee ae ee 4812 
21 TE [bhn OOS ae nn See en re eee ee 4812 

IRAN ACO AON eee eee eee ee 4812 
Setting —— byrtrialtandierrors. 222 22---— = 4812 

273 used in plotting control stations_-_-------- 7414 
285 Sop Key y= —— ey se ee Da ee 4813 
273 descriptioniand! size me nnee soe eee eee 4813 
273 Spacing soundings with —— ___-_-_------- 4813 

(Ui'Se eae es ee Rea n eee Pi ost 2 ee 4813 
278 Dms. and dps. 
209 IDeRMiItiO nes Bee eee eee 2 Pees oo eS 7411 
273 Plotting control stations from —— ---------- 7411 
285 Dock(s) 
273 ID ofinitioneet ete 2 eet eee ee 916 
283 Sound ingeink—— ae ee eee ee 3434 
274 Soundings in ——, at enlarged scale_____-__-- 7751 

ID O}SO2 il @) a ase a eee {rst 
Attaching —— to smooth sheet_------------- 7121 

306 Onniboat Sheetsas= sae =) eee ee nk es eee 1366 
Station on ——, radiating lines to_--------_--- 7121 

Dome definitiones {sss ee ee 1682e 
Monestracing Wap Crass se ee 7142 
Dorsey chronograph (see Chronograph, R. A. 

573 , Dorsey) 
328 Dorsey Fathometer, depth units to be used 

Sri day Sel he haa cd Soe a Re ea 3112(b) 
5 

ah Dorsey, Hathomieten Nos ls eee ee oe 

ACCUTA CY eet 22 oes eee hs cee daeees 524(q) 
amplifier, description. Yee eee 5242 
Cables to be used in installing —— _____----- oe 

5134 
Gepthwranee. aera re ean eee eons ie 4 

depthiscalesies4i+. -< =. ao ee 5243 
IDEserip tion sss seater 2s faa kee 524 

445 diagram schematic™ =eeens hes seen eee fig. 104 
565 Draft measurement reference point-_-----_-- 5511(b) 

808 Fathometer used in combination 
444 Watt 2 9. Sok A ee OR eee, 545 
444 EXrrors in) reaGg ing) ——— == = = 9 eee eee 545 

Keaturesssalient-..---22- 22-22. 2 ee eee 524 
296 irs USe(Ofe——". ae). 3 se Ss ee se ce 5134 

Half-synchronous speed, avoiding -------_--- 5245 

Pace 901 
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Reference Dorsey Fathometer No. 3—Continued. Reference 
Dorsey Fathometer No. 1—Continued. eu ee index adjustment-—continued. abe Page 

index adjustment-_-_-_---_------- ee ee eee 516 
SSH Tapes WOW NGA BPS, WA orca es 5243 476 procedure, first method... -.-.-.-.-.-.---- (ote 19 517 
indicator cabinet, parts included in_________- 5243 475 procedure, second method _________ —— 5542 516 
ANIGICALOT WeSChipvlOnes sane eee eee eee 5243 475 Separation error accounted for in —— _____ 556 526 
Installation. =. seg tee a ee 541 503 index idisk(s)s-222---2_ =o a le Ee es Ne 5263 483 

Cablosevee Gone re eee ee eee ees 541 504 INIT UI OUS re | ree 5243 476 
ichoramplifion 22 ee 541 503 Speedsjofirobation® 2222 = ee 5263 483 
Milter junction boxsaste eee 541 504 indicatons==e ee eee eS Fe 5263 482 
Sndicator-s= = 2 ee ee aa a 541 503 cabinet; descriptione = 5522 = eee 5263 482 
POWER SUDD] Visco e eee ee 541 503 cabinet, principal parts int_-—- == 5263 483 
PDTANSCOLVOL= 2 s2 Seeker eee ee ee 541 603 cincuitiyoliagess 2-22 22"! ee eee table 18 492 

key icircuitjoperationi= —-2e- = 2) 2 5243 476 installations: S225: 2 542 504 
motor speed, controlled by tuning fork_____- 5551 520 PANUSIANGICITCINGS== 22 — ose eee table 14 488 
GDeraAtINe CYClO. sss ote ee ee ee 524 473 installation ssa $2 2 Mon +2. ee et ok ee 542 504 
eention (54 474 : : 5263 483 

ALUM oi cas Sacism ses Serescah sos ecsennecs= 5245 477 keyingicincit (s) =e 5264 484 
DATS: =e eee aoe ee ee er 524 474 5542 515 
DOWOr SUD Dears ee ee ee 5244 477 ODeratiOn Sees. 2.22 See ee 5264 484 
Preparationwor SOUNGIN a= ee noe e re 5245 477 DAIS ey ews ee table 14 488 
TOCISLELING CAWICC: sea) sae a ee ee 5243 475 Sonic ——, adjustment____________________- 52€7(d) 493 
DEPAaLatiOm,emecy= sos. ee ere ee ee eee 556 525 Sonic ——, testing and adjusting __________ 5267(d) 493 
Soundingintenvyal esse 6 ee 524 474 Supersonic ——, adjustment_______________ 5267(c) 493, 
Speed tondial rotations ess eee ee ee 5243 476 Supersonic ——, testing and adjusting_____ 5267(c) 493 
Stroboscope operation ses. =a se 5243 476 motor speed controlled by tuninig fork______ 5551 520 
synchronous motor, description__--__________ 5243 475 motor; ‘Starting: 235.523) 35 Ss eee table 14 489 
synchronous motor, operating precautions___ 5245 477 Testing and adjusting —— ________________ 5267(i), (k) 494 
Synchronous speed, how attained____________ 5245 477 motor, synchronous (see also Synchronous 
transceiver motor under Dorsey Fathometer No. 

Deseription 222 see eee oe 5241 474 EN) pgm p= Sew oe 2 cs A a tablets 489 
HIPS UST Cy Aas iS aia De a ae Bg 5241 474 Testing and adjusting —— ________________ 5267(i), (k) 494 
installation =f see eee ene ee fig. 105 475 MeCON-(UDe CIECUIUS == - 5263 483 
location, factors affecting__________________ 541 503 100-fathom scale, operation____________ _____ 5263 483 
POWCLISUD Dl yas ee ee eee ee eee 5241 475 1'000-fathomicutout.- = 5263 483 

LUInInN eon kxCONUTO see ee ee 5243 477 1,000-fathom scale, operation_________________ 5263 483 

Dorsey HathometersNo: 25¢ a2 ene a se DEetabees: procedure. .---------.----- ae ae ee 

compared with other echo-sounding instru- Guide to —— --------_-----.-------------- re 16 490 
Mentsee sess ee Ee ee ee 525 478 Importance of following ——_____________ 5266 487 

depth range we og SE eb Ne elt hee cts aaa teh 5135 442 Operations 5 2s ae ae eee oat 486 
depthiscaless: Ses eae Wit tore Ss eee 525 478 . : 492 
esoripiGues 22s ste SNe ye 525 478 Faulty ——, diagnosis. -------------.------ (3367(a) to (r)493 
PITSEUSCiOh—— es eee ee ee 5135 442 Faulty ——, tabular diagnosis___________ _ table 17 491 
have (er-erta hi] ice op AT Ne RE ee ae 525 478 Funetional ——— io. =P on> 20s ae eee table 16 490 

operations; © ee ee ee ee Be 525 478 oscillator sos 2— ee oo ee ee 5261 482 
Speedoisrotatione a een ee wee 525 478 Testing and adjusting —— ________________ 5267(p) 495 

ANStAU At OMe se as ee ee ee hagtta sents e 542 504 Daralysiswranpes == 5 eee 5266 487 
INGiGa tor eat en en ee ee ee ee ae 542 504 amis (38 479 

x SOTIGE CHO LAr) life Te ae en eee 542 504 IDE Si eesancsmcat casesessesessaesss soscssse gable 1h 488 
CLAY SSS eee ee en en ee ee ee 542 504 x 5265 485, 

superseded by Dorsey Fathometer No. 3____ 525 478 Power source for —— -----------------._.--- ca 14 489 
Dorsey Fathometer No. 3 (see also Dorsey Fath-{5136 442 aer angel {ee 484 

OINGherANG ee aaa eS 526 478 Pp SO Oa as Pes ck ae table 14 489 
Acoustic noises, troublesome, identifying. ___ 5267(r) 495 circuitivoltagesses= 5. =e eee eee ae table 18 493 
acoustic units______ ee ig af rd pte ee table 14 489 IDeSCHIDULON ee sane ee 5265 484 
Adjusting and testing —— __________________ 5267(a) to (r) 493 NOUSING 6 ate eee Soo ge ee ee ae 484 
amplifier ,echoe-- 93" ies ee See ae 5262 482 fig. 108 485 

circuitgvoltages sey ens wah eee table 18 493 Testing and adjusting —— ________________ 5267(q) 494 
ID@Scription’: = 355 .- 4 Gage Aa Sec ee eee 5262 482 Separationjemect] 22 e=s= aa ee ee 556 525 
Heho-listening circuit.) > 2 5262 482 sonic echo amplifier installation_______ _____ 542 504 
Operation selectricalue sens ene enn RS 52€2 482 Sonic transmission and reception, testing and 
DSUs 3-year es table 14 489 adjusting 2 $4 ssa" sees eave eee 5267(n) 495 
“shoal-despiswitchen a= nen nn eee 5262 482 Stirays:-. "eee 6S ose Or ee ae ee 542 504 
Sonic ——, installation____.________________ 542 504 Causes of ee eee 52€7(q) 495 
Testing and adjusting —— ________________ 5267(/) 494 524 476 
RUNIN Si —— ee eae eres ee eS 5267 (1) 494 stroboscopic system _ -____- ae tee Fans 5263 483 

AITMplifier sWOW Crease ae. eee na ae tess 5261 482 5266 486 
circuitidiggram =sses ae ee fig. 107 481 Switch(es), depth-selector and starting-fre- 
CITCHILS= parece es ak Bye oe ees table 14 488 __, quency 
BGS oF SE ee 5542 515 (CLE CUD GS ses te table 14 488 
Rechifier——— ea ae Rs Ee es table 14 488 table 16 490 

compared with other Fathometers___________ 526 478 Settings! == oe Se es ee ee sie 516 
5136 442 table 19 517 

depth range. ------------------------_------- 526 478 Testing and adjusting —— 5267(h) 494 
depth ranges, settings for —— _______________ table 15 490 synchronous motor (see also under Dorsey 
Gepthiscales: 22s eae es et ae 5263 483 Kathometer Nos) =.= ne eee 5263 483 
depel selector switch, funetion___-_-*_--____ 5263 483 lubrication! sss eer eae on ee eee 5267(j) 494 

Develonment of S220 ogee i78 One Ra Ato ecslan (San6 486 
Draft measurement reference point__________ 5511(c) 508 speed _____---------__--2 $2222 2a 2 tee 63 483 

Electric noises, troublesome, identifyi 5267(q) 495 Vee Soe as RWS JER Face wee moe , , ying - ---- 5267(r) 495 Table 15, explamation of__--_._______________ 5266 487 
exciter lamps, testing and adjusting__________ 5267(b) 493 Table 16, explanation of_-___________________ 5266 487 
lich: MaPeMAaRN Pee ee 5261 479 able 17 (example). Ce a Ee A oy 5267 492 

; ablevl7explanation Ofe= sess ee 5267 492 
LEWES UALS 3) | ss en LR 5136 442 Testing and adjusting —— __________________ 5267(a) to (r)493 
USe(CADACItLy A eae eee Rete ne a oe a 5265 485 312 Fathometer used in combination with 

hydrophones, testing and adjusting_-_______- 5267(p) 495 gS Sees ee boas aac eeseessesses 545 507 
index adjustment 5263 483 Circuit arrangement of —— ______________- fig. 110 506 

Justment_____---------------_____--- ARE 515 pine Mags nema 8 22 Oe eee eee 5542 515 
pated 5542 515 ranscelver 

Identifying controls for —— -.-_-_-_.--___- { fig. 111 515 Descri ptOn seers Saakts oie aes ene! See 5261 479 
IMS tH Od SMR tes Batti cer DSL LUN Oey 5542 516 Iya PANS —— a ad oso ee 5261 482 

¢ : IrOQUCH CYS Aone eee ee eee ee ee 5261 479 
L00-fathonidialeees=-22=ss= sts eee 5542 516 Operation! 22: = - eras Of reas 5261 479 
1 O00-[ab bom dial Geen = aeee eee ee 5542 516 polarizing circuit, testing and adjusting____ 5267(0) 495 
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Reference E 

Dorsey Fathometer No. 3—Continued. No. Page 4 
Transmitted signal, adjustment------______- 5264 484 Reference 

Transmitted signal, shortening ------------_- 5264 484 ; No. Page 

transmitter, 17.5 Ke., testing and adjusting_.. 5267(m) 494 | East Coast sono-radio buoy (see also Sono- 
tubes _ Tadio buoys, East Coast) ____________ €52 604 

Gas discharge —, testing and adjusting___ 5267(f) 493 | Eccentric stations, marking _--_-_-_._-____..__ 2263(f) 80 
Neon —, testing and adjusting __________ 5267 (e) 493 | Echo(es) (see also Reflection of sound) 
Photoelecric ——, testing and adjusting____ 5267(a) 493 Comparison between —— in water and air___ 511 437 

tuning fork and circuits_..._________________- 5265 485 Failure of —— from steep slopes____________- 571d 546 
tuning-fork current, testing and adjusting __ 5267(k) 494 Irregular bottom, —— from._-----_-_________ 563 542 
Hunine=forkewipravion seen ee wee Lt 5267(k) 494 WREUN OM) —— ae Ra ee 5146 445 
20-fathom scale, operation._________________- 5263 483 ID Latta) \r\_\ See ee eae Oe 5146 445 
Veslekari used in combination with —— ____ 545 506 Eliminating ——)< 22-2 ee ee 5146 445 
Voltage of —— circuits_________-_____--______- table 18 493 Mistaking —— for correct depth___________ 57(e) 543 

Dorsoyelerbert Grove 222020288 512 440 Reflection of —— 
Dorsey hydrophone (see Hydrophones, sono- frOomMLTe SAL DOUCOM = =e eee 562 542 

radio buoy, Dorsey) LOIN VIED O GIO) OES ee 563 542 
Dory, description, dimensions, and use________ 4242 327 Side —— (see Reflections of sound from bot- 
Woryeskiitedescriptionsee. eos os 4245 328 tom slopes) . 

: 551 507 Echo amplifiers (see Amplifiers, echo, and un- 
Draft gage, internal, of vessel__-_-__-_--______- eae 508 _ der name of specific instrument) 
Description... _-._---.___ pest Ba gs 5511 pOgme |e Cho listeningycitcti tess es ee 5262 482 
SEBO oy ceck us eee 5all 500m |p chomet renee ene eee ere 5312 500 
Sloviiae Gans Gt — 2 eee ee 5511 509 | Echo receiver (see Receiving units, acoustic) 
used in determining draft of acoustic unit____ 5511 509 | Echoscope__________ See a 5313 501 

Drafting Echo signal, transmitted, length of__.__._____- 511 437 
721 663 | Echo signal, variation in strength of 

Character of —— on smooth sheets-_-----__- he 849 (Causese 2 eeie eo esi) Eee eile 24s oe 552 510 
Inked lines solid and uniform__._____________ 723 664 Hffection| soundings==s = seen es see ees 552 510 
instruments Echo sounding(s) (see also Fathogram) 

(CRG). St i ee ae 48 418 AICCUTACYESN aes © a= o> - 2 2 owe Ets EEL 511 438 
CTStOd yee ce ee yee Bir 48 418 Advantage of —— method___________________ 511 438 
STOWE Cam te Mg nee st 48 418 Aeration, effect on —— ____.._______.___-.._- 5143 444 

Line width gage (illustration) _____-_________- 962 882 Analogy to distance measurement in air ____ 511 437 
Machine Miahversals 22-2 2225 Sa 4851 433 Bottom characteristics obtained during ——_ 3842 302 
materials C@ollatendlitshG Fetes ae le 512 44] 

RECUIisitionin gy) =—— 2-22 Ps se ee 486 436 Conditions influencing —— ___----_- 514 443 
to be requisitioned by letter________-_ Spann 2 486 436 55 507 
to be requisitioned on Form lla___________ 486 436 Corrections 'to\——"E = 22-2. ee 56 527, 

Pen points recommended for —— __________- 725 665 8223 772 
room Calibration velocity —— __________________ 6311 575 

OMAISUGVCVAS LID Een ee noe ae eee 4113 317 Drattia——).. Sige 06th) Seay 551 507 
MEM IGUNC 1m 4113 317 mechanicallyiapplicde a= = eee 562 539 
Mlamina tion of ——<--.1-=_-="--__-- 2 = 4113 317 Separation effect —— (formula)____________ 556 525 

Qh [HN JOT aa = Se ee ee ee 4122 320 Settlement and squat ——, when made_____ 57(j) 543 
Smooth sheets, —— and lettering on_________ 72 663 Slope of bottom — ______________________ 56 528 

Draft marks, external, of vessel used in deter- {eer 508 HOTU eee wate da a We 563 540 
mining draft of acoustic unit_________ 5511 509 from navigator’s viewpoint______________ 563 542 

WM TATOmAcoUIshiCMinltSeses-—- aes 551 507 Impracticability of applying —— _______ 563 541 
55 507 in irregular bottom___________ epee Sea tal bE 563 541 

Adjustmentifor —— _- 2... -12- se 551 507 in submarine canyons, difficulty of ap- 
5512 510 plying — ses ee eS 5€3 541 

DOM AD HOMe Lense ee ane Cee ee 5543 517 Methods of applying —— _______________ 563 541 
Allowing for ——, method of__._-__------___- 551 507 moappledkiniticl dessa sesame seem 563 542 
Definitio We 507 Principle of applying —— _______________ 563 541 

ENGW) Gla 22 semees aS t GSS SaaS as GOSS SS SSSESS 5511 508 Submarine topography must be known 
Wieasnrement 0 fi——— 32. EERE 5512 509 nie in detail_________ Pes esesty ase: 563 540 

e 5512 509 ide ——, instrumental application durin 
EE a a arate org (5313 510 iy Sounding MIN: Or EO NRON “Te ” 56 528 
facilities {S51 507 Tide ——, methods of applying. __________- 56 527 
eh ees Se ae 5511 508 Types of —— required_.___-_________-.-__- 56 527 
INTO U ON CVA ea ae en en Se oe ee 5513 510 Waris eae ie ae ee 56 528 

Factors determining —— __-_--_-________ 5513 510 Variation of aan, — Pare 571la 544 
: : . : 5512 510 elocity —— (see Velocity of sound correc- 

Recording —— in Sounding Record_-----_- Gee 759 tions) 

Reference point in unit for —— _____-______ 5511 508 cycles. descniptions=-s----- = eee 511 438 
Dorsey Fathometer No. 1____-___--____- 5511(b) 508 Depth measurement by —— _______________- 511 437 
Dorsey Fathometer No. 3_-------------- 5511(c) 508 IDepthurant etiam 511 438 
SOS#Rathometeris- = 2 ys 2 5511(e) 508 development, an outgrowth of distance meas- 
IWUSSU SD) Beene eee ee ee 5511(d) 508 UTenTen (Sees es ee Ee 611 555 
SRM A PCHOMOCLC Teese tne as nea 5511(a) 508 development, chronology of_________________- 512 440 
WES In. ee se 5 oS 2 eee ee 5511(d) 508 development during World War I___________ 512 440 

using existing draft marks or gages_________ ay 509 Haruedt attempts at aa SSE RET 512 439 
EEC 55 508 ective bottom path covered (formula) _____ 563 540 

using internal draft gage_---.--.----.--.--- ep 509 808 Fathometer —— corrected for index ad- 
using reference points on deck_____________ 5511 508 USE CNT ee en SS A 5545 519 
using reference points on ship’s rails_._____ 5512 509 equipment of the Fizplorer_____-_-___---___--- 4122 320 

Drags to slow down sounding launch___-_____- 3461 264 errors due toibottomslopes 2. =. ssa 563 540 
Drawing ink (see Ink, drawing) expedien isaee-= 4.6 ts ae a 58 552 
Drawing paper (see Paper, drawing, and Sounding with bombs (see also Bombs, 

Smooth-sheet paper) SOUNnGdINg with) Ses ae eee 582 552 
Dredged shoals, least depths to be verified ____- 3523 270 usedsiniemerzencies:=-=- = ee ee 58 552 
HO TOG Sin oe DROIECLS Ss eee ee ne 916 837 using 312 Fathometer unconventionally____ 581 552 
Drift soundings fluctuating rapidly, how recorded___________- 57(f) 543 
Recording ——, method of__________________- 3312(e) 213 frequency, requirements.__-.-_--— 2 ---_ 22222 3433 258 
Time spent in —— recorded in Sounding LOVATLCL TH AT DO LLO TI =e ee oe 3415 252 

Record \ersch 213 Generalistatement:-—=--—- -_- re ee ee 51 437 
Taran eT SR Re alt Oe ea) (ot (9) 766 History of development_-_______-___________. 512 439 

msedtomindslesstidepths==-2-==-" ==. = __ <==: 3664 284 Ini © de GR SUTVC yee oe oe ee 513 441 
PO TODIDOWaADGH sss sane e ee et 4841 432 Tdealsmedium for ——- = = ee 514 443 
Dumb compass (see Pelorus) in irregular bottom 
DulrontecessswOetonatorssese---------- 667 624 Direct measurements to supplement —— 563 541 
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Reference Echo sounding(s)—Continued. No. 
in irregular bottom—continued. 

Selecting true depth (see also Fathogram) {Ftp 

Uncertainty of point of reflection_----__--- 563 
in'strong Curnentse=-- 4-4-2 ee 3141B 
instruments (see Echo-sounding instruments) 
im submarine canyons. =3222s eee eee 563 

Direct measurements to supplement —— _ 563 
irregularly spaced._2-\22- =e ee 7723 
limitations 223 2s. =o a ee ee 514 
line; composite Nature fis. 22=— 2 =e ee oe 563 
line not aytrue Drones sss eas se See 

INEISS@ Gs on So Se or eet ee eS Waele 

explained in Sounding Record__--_--------- 3542 
supplemented by wire soundings_---_-_--- 3542 

Motor-speed variation, effect on —— ___.___- 5710 
Personnel needed for —— __----------------- 142 
Position frequency requeirements____--_____- 3313 
Precautions in reading —— _________________ 57(c) 
principlesit. 25: 0. Seer a ee See ee ae 511 
RUE CAR aoe UTIN Gee = SS sei 
recorded at odd intervals.._..__________-___- 57(g) 
Recording ——, approved method of (illus- { fig. 173 

(NOLES Be oad es So eset fig. 174 
Recording fluctuating —— _________________- 57(f) 
records and reports required (list) _____------ 8351B 
Red-light method, 312 Fathometer_-____----- 5132 
selected from fathogram for smooth sheet____ 7726 
Separation of acoustic units, effect on —— __. 556 
Sloping bottom, effect on —— _______________ 5145 
Sloping bottom, errors|due t0=2_ 2-22-28 2= 563 
Sonic frequencies TT er So a hee 512 
Spacing —— on smooth sheet_____-----_-_-__- 7723 
Statistics, —— not enumerated in____________ 8161 
SUbstitutemie hod ss==— a a eee eee 58 
Supersonic frequencies in —— ______________- 512 
supplemented by wire soundings____-______- 3111 
transmitted signals, length of____------------ 511 

Uncorrected —— used in navigation___-____- ae 

velocity of sound corrections (see Velocity of 
sound corrections) 

White-light method, 312 Fathometer_-______- 5132 
Echo-sounding instrument(s) (see also under 

specific name of instrument) 
Accuracy requirements==---=- 2-2 = 3111 
adjustment 

Lomdralieeaee 2 oe ee eae See 551 
forinstrumentalterror. 552 
for Motor speede-4=- = he ese. See 555 
for settlement and squat____--_------------ 553 
General'statements 52> = ee eee eee 55 
to be made when practicable-_-_-_-----_--- 5 

2 
Advantages of two —— ____________- arenas 

. : 561 
Calibrations = ase ee Se ee eon 

calibration velocity entered in Sounding 
IR GCOnd sesso ae tee ee a 8132 

@hallenver types ene 2 ee 5321 
Classifica tions etek sete he 515 

by: depthiranges=2s.~ = 20 2 ee 5151 
5152 

byfrequeney == 222-2 229-22 ae 
Dy: resistening devices == =) === 22-2 ele 5153 

Combinations! 5--- te jet =o 23 nek = ee 545 
Correction factors for —— (table 35)_________- 9613 
draft (see Draft of acoustic units) 
iHarliestmatentSenese eee ee ee eee ee 512 
i Chonnsudible See as eee 3542 
English —— (see also MS 12 D and Veslekari)_ 532 

. . 532 
Classification! of —— = _-=-=--__- 2222S (Sa 

Marconi Company instruments__________-_ 5324 
magnetostrictive units_____-_---___ =. 5324 

MS class instruments (see also MS 12 D 
HS (bf) 0 c0c) oye ee oe ee a ee 5322 

iH choramplifier sss. 2 ee ee 5322 
Magnetostrictive units__________________ 5322 
Power for operating —— _______________ 5322 
USed in Cade GAS inVOy ee === a eee 5322 

Sonic recording (Challenger) type________- 5321 
Visual indicating (Hughes) type___________ 5323 

failure in deep water reported to Washington 
CO Se <2 ee ee ee 3 

Faulty operation of —— 
iH Trectsionsathocram a s— ee eee 571c 
(Giastxation) Se ae ee ees fig. 119 

Orel gies, ee ee ees 53 
TONG Lee es ee Ee 531 
Echometre, description..-.-....--...---..- 5312 
Echoscope, description. _____-__-___-__-__- 5313 

INDEX 

Echo-sounding instrument(s)—Continued. Reference 
Page French—Continued. No. 
542 frequencies s-.<525322 5s en eet ec 531 
543 Langevin-Touly Electrolitic Recorder, de- 
541 Semptton: ---22 2-252. Lae sneer sone 5311 
199 S. C. A. M.-Touly, description___________- 5314 

transmitting and receiving units__.________ 531 
541 German ——, description.___-___-___________ 533 
541 Graphic-recording —— (see also 808 Fath- 
720 ometer; Simplex-Bludworth Fath- 
443 ometer; and VesleKari)_-.____._.___-____ 5153 
540 advantages 5.2. 2-22.45. sae 5153 
540 Boat-sheet soundings from —— ___________ 3433 
252 Depth unit to be used with —— __________ 3112(d) 
272 General'description=-“---_=- --- 422 
272 iamamertypessss sa sae ee 3115c 
272 identified in Descriptive Report_________-____ 842C 
544 index adjustment (see also Index adjustment, 
29 echo-sounding instruments) 
214 Ibysbaricheck= 2. - = ee eee 557 
543 Hacilities fonea—S = a oe 
437 Inoperative ——, noted in Sounding Record__ 815(n) 
636 installation (see also under name of specific 
543 iInspmMment) 220-2 eee 54 
755 Factors to be considered in —— ___________ 54 
756 Semiportable—$_ ee ae 544 
543 Instrumental data required in Sounding 
784 Record... 5-28 ee 8132 
441 instrumental error (see also Instrumental 
722 CLLOn) a= eo. See Eee 552 
524 maintenance and tests (table 21)____________- 572 
445 Miarconit@onrpany. 2-9 eee 5324 

i Mechanical contacts, trouble with___________ {ea We 
720 IMiSclass** 2-eet 3.09 hit ieee 5322 
767 not functioning temporarily _-__-_______-_____ 3542 
552 observedicontinuously = ee 3415 
441 operated at non-calibration motor speed, cor- 
192 rections for -=---<=---2 2a eee 8223 
437 operation 
446 Gain-control adjustment_______-___________ 57(a) 
542 TMstruchious. SpechiG.==--—=——— ae ae 57 

TMS trUCHONS | (A0LE: 01) a 572 
Motor speed, maintaining_-_-______________ 57(6) 

441 Precautions required a= == se === 57 
‘heory? Of————"" = 5 2 2528 ee 511 

operator (see Fathometer attendant) 
191 Principal partsa-see se a ee oe 516 

Principles; general: -=- == ee 511 
507 Reading depths on ——, precautions in______ 57(c) 
510 registering device (see Registering devices) 
520 Semiportable —— installation_______________ 544 
513 Sounding Record, data required in__________ 8132 
507 speed (see Motor speed) 
507 Strikertypese- ose eee 3115c 
455 tests and maintenance (table 21)_____-______- 572 
506 ‘Tide:adjustmient. /2-2=-=-=-22.— - 225 See ee 56 

ae Two —, advantages_-___.....-.--__-------- {Bis 

WO Usin gs, 525-22 he es eee 545 
759 Type governed by conditions____-________--- 52 
501 My pes\-ceneral- = =5 20k ee a eee 511 
446 Types used by the C. & G. Survey______-__- 52 
447 Use ot ere ba eee ee ca ee ie 515 
447 Velocity calibration (see Velocity calibration) 
448 Veslekari (see Veslekari) 
448 ViS08 ae ee a ee 5153 
506 in irregular steep bottom, registration 
879 C0) a re ek Ee 57(i) 

Missing critical depth on —— (example)____ 57(d) 
439 Multiple echoes mistaken for true depth ___- af ©) 
272 E D on chart, investigation of__--------------- 
501 Eddies, Coast Pilotrequirements2 oe aE 
501 Eddies, dangers and shoals disclosed by___--_- 36234 
502 Edition, Coast Pilot (see Coast Pilot, new edi- 
502 tion) 
502 Edition date, on charts, definition_____________ 1122 

nels,-A. PS ees SS = eee 512 

aot 808 Hathometer..--_-—- 2 sao. £ eset ee {een 

502 ACOUStIGUNItG.HSny) === =e ee 523 

a installation <2 2-22 .— <2. 2. 2222 see sae \eeaiie 

501 amplifier, (echo =---"-----— 2 =e 5232 
502 Voltseeproduced=== = eS 5232 

batteries sae So - 2 es 2 ee 5235 
272 Cares eee” > 8 i ee eee 5235 

Charging 5235 
544 Bottom relief from —— fathograms__________ fig. 117 
548 OTC: t= ea a eee 5237a 
499 circuit. digerams eS ee ee fig. 102 
500 Cleaning = ee eee 52375 
500 compared with Simplex-Bludworth Fathom- 
501 eter SS SS ee eee 52. 

Page 
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Reference Reference 

808 Fathometer— Continued. No. Page | lapsed times, R. A. R.—Continued. No. Page 
Correcting —— soundings for index adjust- Reporting —— to plotting station (ezample)_ 6813 638 

TMOG = 5 eee eee eee Sa, a oe 5545 519 Elasticity of a medium, modulus of___--------- 63 574 
depth phase disagreement ------------------- 5238(p) 473 Electrolytic action between stainless steel and 
apni tinarice 523 462 Ordinary wile TOpOs =e een eee 2832 173 
ODS ce ee pea 471 Electromagnetic unit of echo-sounding instru- HLA ‘ 

3 462 MENTS 2 se sone eee nee at eeae oan 5 44 
depth seales_-------------------------------- {5937 471 TOYS 1) 5 es A al eae 5161A 449 
Depth units to be used with —— -__---_-_-- 3112(c) 192 Frequencies at which used______---__-------- 51614 449 
I CSCrID HON ae eas nee See oe 523 462 WU DCSLET AO ONES anon ee anne eet 413 321 
Dorsey Fathometer No. 1 used in combina- PACCOMIMOGALONS teen. sen nto a eee 4131 322 

GLGTRWiU Mian ye a = eae 545 506 Boatssmallins sce - 2-822) 2h a ee 4132 322 
draft measurement reference point______-__-_- 5511(e) 508 Generalidescriptiones2-) =) = = 4131 321 
fathograms (see Fathograms, 808 Fathometer) Navigation equipment.--_---_-..------.---_- 4132 322 
Neattressalientues-------- = 22-4 =--=-- 523 462 Propelingymachinenyo = =- se =e 4131 321 
fish Soundingyequipments 22 es eee ene 4132 322 

(CARD). 20. 2 3 2 ee rr 5237 471 Elevations 
IDs ono Onis ae Se eee 5231 463 PIVeniiN ©OASG blo Css = ee ee ae ee 916 831 
OUTTA beh lee fig. 101 463 Wit OL mMeASuUneMmlent ssn see eee eae 124(d) 15 
I SDeChiONMer a= Sree) SO SESE Se se reel rhs Hmpbaymients, terminology used_ == ---==------— 1682a 54 

A . ngineers, Corps of 
: HES UR Sos. eee (eis) beckelilSiGail fig. 103 470 control stations, topographic connection 
gain-control adjustment 5237 471 Withee ore. oe eee Sha eke eed 236 94 

Effect on recorded depths_ = 571la 544 echo-sounding instruments_--_-------------- 529 499 
Effect on transmitted signal 571a 544 hydrographic surveys 

POWORDO Y= 2 2- sos sees sere seo 5234 468 compared with new hydrographic surveys 
SSSA GR] Oe 5238 (i) 472 in Descriptive Report --------------- 8421 789 

jAGewMAd] UStMeN ta 22 set seeae = at aoe 5545 519 TUNCHON Sawa he = ee 3131 195 
Ibvabar check 2=2_ - =. -- 32) 3W see ee 5545 519 MOL Cup licahcd ese men eens 351 268 
Effect on soundings in fathoms_____-_-_-_- 5545 519 to be consulted for dangers and obstructions 
for soundings inifathoms---— 22-25 2-2 -=-<- 5545 520 hemiG Ved het eee ek ees = 3523 269 

_ for soundings in feet -_--------------------- 5545 520 neineersy band books (ts) == eo 9534 871 
Install ations Satish ok ea A oat tees 544 505 | English echo-sounding instruments (see Echo- 
Benim an Gn heen nen ee 5236 470 sounding instruments, English) 

LF el ov Sas) 0) Se eee see 5237 471 Enlarged subplans on smooth sheets_---------- 7751 127 
ionibricatineyschedule: =25- = 8222 aas aa 52374 471 | Enlargements of hydrographic surveys using 
motor, driving, speed control of____---------- 5234 468 2CITGles ;SHOCtS aoe e eee ee eae 376 295 
motor speed, adjustment and verification (see Hnsign-Bicktord Com. see a noe ee 668 625 

_ also 808 Fathometer, tachometer) ---. 5554 523 Hnsien national display Olean 1583 44 
OOO es See oe eo se ae Hdl 470 Hpithalassandefinitionts: =) — = —s- e 6320 576 

. . . 8 y Equipment (see also Instruments; Navigation EERIE GS evidenced OE fathogram______-_- ie (p) } 472 eadipment land Survey eudipment) 

fonidifferent) depth wnitss-s-222=) = 2 5545 519 Definition, for accountability __-------------- 43 330 
TETMEMIOSH Ms Mie es ot keels Belek 5238 472 IDéepth-tndine ————we ee eS 46 383 
UROL 0} (SS) ee ee eee 5238 472 Echo-sounding —— (see Echo-sounding in- 
BLES MDNING pale ieene a ot OP tee 3 struments) 
Re ware P 0s Fs CEEOL ESL, «ivan Ss Fab Sas 7a expendediinipl aces eae naan eee 433 334 
phasing mechanism imperfections___________- 5238 (p) 473 Experimental ——, report on-_-_------------- 8581 805 

Errors due to —— ___..__---------_---_-_- 5238 (7) 473 inventory_----.------------------------------ 433 333 
phasing mechanism operation ___________-_- 5232 465 Navigation —— _-_------------ s------------- 44 335 
TECOTVANOTIIT jeer oe we 2c Ue eT ees 5231 463 Position-location —— -_------------_- sonesese 44 335 
frequency uae! Alpes: 5231 464 R.A.R. ship — (see R.A.R. equipment, 

HSA atone ames os aie RN a Gere Te 5231 464 sini) 
recordemedbinetaised ile.) ) 1. 25 ve) 5232 464 | Equipment and instrument(s)__--------------- 43 330 

Descriptions. -2:-.-- 20 Nae lei sre sab 5232 464 Care of —— -__.------------------__--------- 431 330 
Manelemeewee 2c. LONE TS She LOE pee it oy 5232 464 Improvements in —— -____------------------ 43 330 
TAT Se note. LM. oe fT to eae _ 5232 464 overhauled between seasons- - --------------- 4314 332 

recording mechanism operation____________-- 5232 465 repairs. __-__----_-----_---_------- _---------- 4314 332 
TODA Sm Member en © 3 UF. PE. GET ARA eee 5237 471 sent to Washington Office for repairs _------- 4314 332 

523 462 Surveys ship to be equipped with —— --_--- 43 330 
Scales of ——, fathograms__---------------__- jee 471 COSTS MDCLIOGIC =e SURES: SOWIE SEL eet SEIS 4311 331 

: 5231 464 | Erasers, colored, tend to discolor sheet___------ 727 666 
Separation effect_.__.----------------------- ee BOR erasing machine electrich= ss 22>" —==s=-2== 4852 434 
Sounding errors due to phase_---_--_---_-__- 5238 (p) 473 Advantages__-__...------------------------- 4852 434 
Soundings in fathoms, corrected for index Method of use_._----------.----------------- 4852 434 

RCjUStnent eee ROE 5545 520 USCIOMESINOOLHISHEOt se sass ee ene 727 666 
Soundings in disagreement on different depth Krasures from smooth sheet ____-___ Sr osss saa 727 666 
zs Dhaccoseeneemnmeet) Ji If SI 5238(p) 473 | Erasures never permitted in Sounding Record. 81 757 

spare parts required___...-.__________---___- 5237 471 Erroneous charted soundings, investigation x 
speed, motor, verification and adjustment from vessel en route----------------- 173 57 

(see also 808 Fathometer, tachometer)- 5554 523 | Errors 4 : base 
Speedhveriticat lon s=saaaamnnn ones anne 5234 468 caused by improper illumination ---_-------- 4113 317 
Sty lug aris) jaar ae SOLE PRT) ic TE 2 5232 465 discovercdtoni char {sees sae eee 8523 797 
TACHOM CTO nee ee ee LR 5234 468 Small ——, accumulation of____-------------- 361 277 
freqHenGy AVenit vil > seen non nen. 5554 593 | Esterbrook pens_--__-------------------------- 725 665 
operating unsatisfactorily___________-_---_- 5238 (j) 472 Estuaries, limit of sounding in_---------------- 3123 re 

Operating with an erroneous — -------_- 5554 523 | Excelsior not to be used in packing instrments {434 b 35 
ODEratlOle Some a nes rE | aoe 5234 468 ace. ‘ ; F 4541 80 
Percentage of error____________-__------_-- 5554 523 Expansion in drawing paper (see Distortion) 
reed frequency values (table)___._-_____-__- table 13 469 | Explanatory notes (see Notes, explanatory) 

transmitted signal Explorer __----- pore cn nn renner nnn - = 412 318 
AGUS CGR eee aces oe ee 5232 465 IA(CCOMIMOUAiIONS 22s ee ener ean eee 4121 319 
Effect of change of speed on —— _________- 5545 519 Dimensions and particulars_----------------- 412 319 
ROC IONGe oo se ee edo cee 5232 465 Drafting room. __- ee 4122 320 

ae : Echo-sounding equipment-_--_---------------- 4122 320 
bepesovityiae ON en ee eee 5231 463 Wieetric’plantee sap ee a he 4121 319 

frequency --------------------------------- 5231 464 Fire protection system____._---.--_--------- 4121 320 
ation. ==. = === === == ------------------- 5231 464 Fresh water evaporating capacity__________- @ 4121 319 

a ate ae peo a aa 5237 471 General description.___....----.------------ 4121 319 
apsed times, R. A. R. 412 
@onversionsoriit] asses 8311 778 Launches... -------------------------------- (ani 323 
converted to plotting intervals______________- 8311 778 Loud-speaker communication system __------ 4121 320 
IDY:y aban hoi) See ee ee ee 6853e 654 Navigation equipment. --__---------------+- ’ 4122 320 
dependent on path of sound____--_---------- 635 589 Propellingmnachinenys sees ee ee ee 4121 319 
Entering —— in Bomb Record___-___-------- 8311g 777 Radiolequipmen tees es eee eee eee 4122 320 
from Dorsey chronograph____---------------- 67334 634 Refrigeration systems seaeee: sas see nas meee 4121 320 
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Reference 

Explorer—C ontinued. No. 
Sounding machines, wire__--..-.------------ 4122 
Survey equipment-_-__------- eee opt woe a= AZZ 
IWMONTISTIONESYVStOIMN = a2. tne ee ee ee 4121 
Watertight compartments in —— ___________ 4121 

Explosions, subaqueous, probable frequency 56(6) 

Teonivot (see also Bombs and TNT) Oe: 
Disposal at end of season____--____-----_--_-- 665 
DONT SfoniRi cA Rs 36-5 taken eee noe 669 

Precautions in handling —— ________________ fee 

Storage during ship repairs_-_---------------- 665 
BtOWS262.c== fast Se aoe os oe enn nee 665 

Factor, log (see Log factor) 
Faint objects, sextant angles to___________ se 4522 
Fair-lead, registering sheave used as___________ 464 
Fair sheet (see Smooth sheet) 
Fathogram(s) (see also Echo soundings) 
accuracy, factorsiafiecting=—_ = sess 571 
advantages, permanency of record__________- ra 

571c 
Carbon nodules, effect on —— ______________ {ie 118 

fig. 119 
(Definition eee se ea eee eee ee 5233 
Doubtful depths, investigation required ____- 571 
808 Fathometer —— 

Bottom relief types illustrated_____________ fig. 117 
Defective ——, causes of______-----_-----+- 5238 
Defective:——) types! als. aoa een oe 5238(p) 

fig. 117 
lustrations Of—12 oes. ee fig. 118 

fig. 119 
Notations for correcting soundings_________ 5545 
D&D Claes ae ee ee ee ES 5233 

depthiscales aes = cei eee ae att 5233 
Description Sete sat eS a els eed thee 5233 
iPhasevidentificationee 2a aes sees eee 5233 
Placing —— on instrument______________ 5233 
Qualifies ee eee ee ee 5233 

5233 cravelispeed ees sa eres et ee es ton as eee 4 

@heekin gin 2s ee ee 571b 
travel speed used to verify tachometer___ 5554 

Scalewratigse= ae ee eee 563 
523 ScalesmdepUh bees = se eee een Semen ee foe 

Experimental Sounding Records for use 
Wal Gee meee OO ee eee 817 

Faulty instrumental operation (illustra-J>/1¢ 
LOTS Se Se A eee PEN LISI SY fig. 118 

: 1 fig. 119 
lnterpretahona=4 2222 ssh 2s ewe ine reir 571 
Bottom record continuous, not proof of no 

Gane (CLA DLC) ea ees 571 
Bottom types, how registered______________ 571d 
Echo not received from steep slope (illus- 

GratiOn) >. = 2 = See eae one Ee eu a fig. 118 
571a 

Gain control improperly adjusted (illus-} fig. 117 
UGHIONS) ae fe ee re ee ee fig. 118 

. 119 
Investigation of doubtful points___________ fg: 
Kelp or other marine growth, reflections 

PROT Se eet Se ee 571f 

TlUStrationss=es yWe se 2s aes ate nee {f2- we 

Investizating —— 2 ee rei fi 
= 571b 

Motor-speed variation (illustration) _______- ee 118 

Precaution necessary in —— ______________ 571 
Reflections;side=-a—. = --- = ee 571d 
Resemblance to silt layers (illustration) _. fig. 117 

Shoal indications to be investigated_______ 57le 
Shoals distinguished from reflections from 

Kel pi eS RR SN tris AE 571f 
Shoals (illustration) 3 ee See a fig. 118 

571g 
Stray indications (illustrations) ___________- : fig. 117 

fig. 119 
Kelp or other marine growth, reflections from_ 571f 
Least and greatest depths to be shown on 

Sheets #254 ie se ee eT 7726 
Notations properly made on ——___________ fig. 120 
paper (see Fathogram, 808 Fathometer, paper, 

and under name of specific instru- 
ment) 

profile, composite nature of__________________ 563 
profile, not a true line profile_-_____-________- 563 
requirements:=— see eee Bee tt Et 571 
Scale exaggeration on ——___________________ 
Scaling —— when transceiver is used ________ 556 
Selecting smooth-sheet soundings from —— __ 

INDEX 

Reference 

Page | }athogram(s)—Continued. No. 
320 Shoal indications on ——_____-_____________ 57le 
320 Simultaneous comparisons identified on ——_ 5522 
319 Slope exaggeration on —— ____---_____-_____.. 563 
319 soundings. 

IB OBU-SHESLIISS25-——p2o5 5 ee 3433 
613. corrected mechanically. = be 
618 Correcting —— for separation of acoustic 
622 Uinltis= ce 25e6— eee 556 
625 Gain adjustment, effect on —— ___________ 571la 
618 ,Spacing —— on smooth sheet______-_-_--_-- aes 
625 
622 Be ee ee re 116 
622 Fathometer (see also Echo-sounding instru- 

ment) 
attendant 

Duties 2 a) 28 oe one 2 ee 3415 
injdeepiwater=3— ee ee 3415 

369 Instrument operation, familiarity with~-_- Bi 

393 Multiple echoes to be recognized__________ 57(e) 
Strays to be distinguished from echoes____- 57(h) 
to have no other duties___-___-____________ 3415 

543 Visual instrument observed continuouly___ 57(d) 
542 instruments 
546 Dorsey No. 1 (see Dorsey Fathometer No. 1) 
547 Dorsey No. 2 (see Dorsey Fathometer No. 2) 
548 Dorsey No. 3 (see Dorsey Fathometer No. 3) 
466 Adjusting and testing —— ______________ 5267 
549 808 Fathometer (see 808 Fathometer) 

installation (see under name of specific 
545 instrument) 
472 Simplex-Bludworth (see Simplex-Blud- 
473 worth Fathometer) 
545 312 Fathometer (see 312 Fathometer) 
547 soundings (see Echo soundings) 
548 | Fathoms 
520 Atlantic Coast use, on hydrographic sheets__ 7711(a) 
466 Coniversignitalyle semen: nna nm table 37 
466 not mixed with feet, in soundings.._________ 8143 
466 not used on a sheet with soundings in feet_._ 771 

466 | Features 
468 Artifical —— located by triangulation ______- 221 
466 Charted —— not always from C. & G. S. 
466 SUBVOVS!. a oan a ee ee 3522 
523 Coastal ——, terminology___.____-__________- 16826 
544 Marginal continental ——, terminology______ 1681a 
523 named on hydrographic surveys____________- 161 
542 named on topographic surveys_____________- 161 
462 Natural — 
471 Appearance from offshore______-__________- 247 

Cutsinuinomiyessé lane ee == ae een 3941 
768 IMisthod ees ean a 247 
544 Descriptions required____-__.____________- 247 
547 where used as control stations__________- 3231 
oe Identification of —— for use as signals.____ 2461 

located fromthe vessels. =o) == Est 

549 Unnamed —, assigning names to________ 164 
546 used as contro! stations_____- Se eee 247 

Natural or artifical —— 
547 Descriptions, when located________________ 2142 
544 located by triangulation, descriptions 
545 TEQUINEM see ee ee ee ee 
547 usedsas/controlistationssssssan 2 eee eee 214 
548 Descriptionequired=. 225) 7 781(d) 
549 Naming) soe oan en be eee eee 2158 

Possibility of errors if not described______ 2142 
546 used for hydrographic signals______________ 271 
545 not requiring verification or disproving_____- 351 
548 Primary submarine ——, terminology___..__ 1681 
546 Secondary submarine ——, terminology ____- 1682d, € 
544 Federal agencies listed in Coast Pilot appendix_ 9135B(4) 
547 Federal offices, local, sources of Coast Pilot in- 
549 formations seer ee ee 9131c 
546 eet, conversion table. . 0.) 22-8 ee es table 37 
545 | Feet, use on Pacific Coast hydrographic sheets_ 7712 
546 Ferry routes, smooth-sheet requirements_ -___- 7867 

Fessenden, R. A., experiments of_--_----------- 512 
546 Field examinations 
547 Definition = ce eee 176 
549 Submiftallomnesi its» enee eee ee 176 
545 Field inspection, coast pilot (see Coast pilot field 
548 inspection) 
546 Field numbers of surveys 

Explanationiof ——=—-- Se eee 1541 
722 Standarditoibeollowed:-—-— 1541 
550 WS Oba a. Sn ee ee 1541 

Use of —— on smooth sheets_____-_---------- 793 
Field party, office work on records-_-_----------- 923 

549 | Field Record Book, Coast Pilot.........---.-- (oa) 

on Authorities noted in —— ________-_-___-------- ES 

pee Coloredtinks\used= == eee Se 

722 Description 2-- == <= 8 a= ee ees 9131a 

Page 

546 
512 
542 

493 



Reference 

Field Record Book, Coast Pilot—Con. No. 
Hntries Maden me— oS ee 9132b 
IPrepardtionyO fim aoe eee ee eee oo 9131a 
Section for assembly of tables_-_------------- 913la 

Field work 
Progress reports, monthly, required _----_-_- 8514 
MEHSONS TOMORGS = see eeee ea anna a ooo 8515 

Film (see Celluloid) 
Filter junction box, Dorsey Fathometer No.3 - 5261 
Fish and Wildlife Service, Coast Pilot require- 

TAC TIS RE Se a ee 916 
Fish, dangers and shoals disclosed by---------- 36238c 
“Fish”, 808 Fathometer (see also 808 Fath- 

ometer, fish) 
IDs kee are ee 5161 

WisheriesspoureauOle—=——-- =~ 2-2 lise 6322 
Fishermen to be consulted about shoals__----_- 3622 
Fishers Island Sound, round experiments in_._ 611 
Fish trap areas affecting navigation___________- 916 
Fix (see also Position, hydrographic, and Three- 

point fix) 
Accuracy decrease with distance__-_---------- 33 
IDigpilanitore. eS eee 33 
rH EbaC=) 0424 1 61; (0) 33 

Flag, C. & G.S. service, display of_..--.------ 1583 
Flags 

IONG\0) yo) ee es ee ae 1583 
International Code —— 

Signals to indicate survey activities_____-_- 1584 
(UGCs. - . a aS eee 1584 

ilacpolenGgenuition® 222-22. 2c eee ak 8534C 
Flagpoles, value as landmarks___________--_--- 8534 
Ml apstatiqd CHMiGlON = eee ae ee rae 8534C 
ISeatOW ers Genmitionee =e ne ne ee &534C 
Flat bottom, spacing sounding lines over- _-_--- 3151 
Flats, extensive, sounding lines on__._._______- 3141B 
Flats, low-water limits on smooth sheet_-_------ 7862 
Flats, sounding with pole on__________-_------- 461 
LN WaGlori etre. ek eee Oe A ee 4411 
RGUUSUMeCH ieee = ee ee So ee 4414 

Float attached to leadline in determining least 
OVO aR ee SEE Ee eee eee aE ed 

Floodlight to illuminate leadline_______-______- 3421 
MOTAMIN Vereen et OST wey Pores 476 
Horedeepe definitions. taal eee 16816 
Foreign echo-sounding instruments (see Echo- 

sounding instruments under national- 
ity) 

Foremast used as a floating control station____ 3365 
Form lines 

AcenTacyrOnelevations-—- = =.= = = eee 382 
byshydrozraphenrs-<-s. = ae ee 382 
Form for computing elevations_______------- 382 
Form for recording observed data__-_-_------- 382 
obtained while sounding___________---------- 382 
[SYo(Ra) Cha) ——— ee eee 382 

Forms, use (For the use of any specific form, see 
reference nwmber in list of forms in 951 

Forms used in hydrographic surveying (/ist)-.- 951 
4 HOU CALL Sia Weer nts =e 2 = eS ee 4421 

Foul area(s) 
limits to be located _________- ee 364 
Syaiholizationeeeee i Soke eS 364 
Thorough development not required__------- 367 
Undeveloped ——, symbolization__---------- 367 

Four-barrel buoys, description______----------- 2827 
asa aometer firstiuse Ofsso2--- soe aa eae 5133 
Fractional depths 
@onversion of) —— --- =~. -22-22..2-----=-ss2- 7716 
How shown on smooth sheets___------------- 7734 
Where required on smooth sheets___--------- 7713 

French echo-sounding instruments (see Echo- 
sounding instruments, French) 

Hrenchytallisions|s=aeemee sans rears se nnn 272 
Frequency (ies) 
discrimination 

Amplifier ——, how obtained______-------- 5163 
Receiving-Unitim— eee 5162 

Radio —— (see Radio in R. A. R., frequencies) 
Sonic — 

Wlisracteristicseaee 22 eee 5152A 
IDYchaberhNtyoty iS se eee 5152 
MD IneCtivity ae er ee a aes 5152A 
Limitations of use in echo sounding-------- 5152A 
unsuitable for shoal-water sounding-------- 5152A 
Wsennvecho sounding) 222s =e 512 
Wiseunmavigcatlonecsses ee ee ee 5152A 

62 
SOUT = WV. 0 me ee 9 dt {356(0) 

MeAnIONS ==. eee eS 621 
Supersonic —— 
PATIENT AP OS een es oe 5152B 
ID SAI tio Meee meee ee eee EL 5152 

iWseinvecho|sounding .22 a {21828 
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Page 

813 
811 
811 

795 
796 

482 

Reference 

Frequency (ies)—Continued. No. Page 
Tuning-fork ——, verification_______---______ 5551 520 

Frequency of soundings (see Soundings, fre- 
quency, and Soundings, spacing) 

Fuel capacity of C. and G. S. survey ships_-_-- 41 311 
Holminateormercuinesesss-s4 =e 667 624 
AISO = 3-2 en rr = ees 28 ak ee es 668 625 
Attaching —— to detonator______----_---_--- 6842 647 
Brands maniiachwired ss == ss eee = eee 668 625 
BirNine: TACs) Ofim—— = ee ae 668 625 

Factors affecting —— ___------------------ 668 625 
S’ ClONGGEB TANG =n Se 2 2S eee 668 625 
(D 6SCniphiOMer-—= - aes es see fe See 668 625 
Geteriorationhee ee 2 as = Se 5 ee SE 668 625 
TOTP O NACE SSOIOS semen aa ee eee 6844 648 
loniblOnMmeVIGence Olena ees see nena eee 6844 648 
interval 
Accuracy of determination__________-_----- 68434 648 
IDeLM bones eee ae a ee 68434 648 

. . 6813 638 
determina tion= =) 3222s sat eee eS { 68434 648 

TCCORGHS OMe ae st ARNE Le cys 6843a 648 
lemme Wee ee ie ee ee ee ee cect as al eee _. 6843 648 

Factors controlling —— ____________-_--_-_- 6843 648 
HOH ters me a SE > ely ae U8 ee Seth 6844 648 
DIreparavioneee=ss-ee nates see Ee eee 6842 647 
purchased in small quantities____-_.--.-____- 668 625 
PE QUIETIMTGMES TOT ECs CA Eytan ee se OS 625 
SCO WAL CL Se eee eS 668 625 

Gaertner chronograph (see also Chronograph, 
IRSCAY. (Re (Gaertner) 32. eee 6731 632 

Gaertner Scientific Corporation_-_----.------_- 6731 632 
Gage, tide (see Tide gage) 
Gain control 
Chronograph recording in R. A. R., —— __-- 6724 632 

for bomb receptions 2s) = see ee 6724 632 
for radio-signal reception________----------- 6724 632 

Echo-sounding instrument —— 
adjustments: Sees ss aS ee 5237 471 
advanced as much as practicable _-___------ 552 510 
Precautions in adjusting —— ___---------- a (a) rea 

variations, effect on soundings_------------ jem 544 

Galley proofs correctinge===---==-————-- === 9138 822 
Gasoline, used to clean instruments----------- 4313 332 
Generic terms 164 50 
Standardized use of —— __-__---------------- 168 53 

Geodetic control (see also Control and Triangu- 
lation) 

Coastal ——, distances between stations _-__- 1212 10 
Project instructions for —— ----------------- 1212 10 

Geodetic datum(s) (see also Geographic datum) 
DS finl blOT eee See ok ee Le tae seen 2171 67 
established by taut-wire traverse ------------ 2564 140 
TG PONG Ct ee eh Ee ee 2171 68 
TB YES GM OW ECO Bc a ee 2171 68 
TO Wal sUSe eee Be aa es Pa eee 2171 68 

Geographic datum 
Changing —— on survey sheet__------------- 736 678 
Graphichme bodes sas==seesen === === 7363 679 
INumenicalemethodeasmeeteee ea eee oor 678 
Reference station on sheet used_----------- 7362 679 
Rule et ee een en tone 7362 679 
(WiSeroteslostw Stations assesses ane ee 7364 680 

Naiticalichanti——— oe oeenen ne eee ee 1125 5 
IDYeysbarh MOMs = Spe See A Se Se oe ee 1125 5 
Howe ton entiyi——ae eee nee eee 1125 5 

Geographical names, Board on (see Board on 
Geographical Names) 

Geographic manic (S) eee eee 16 46 
Accuracy in reporting —— ------------------ 163 49 
Alaska —— (Baker’s Dictionary) ------------ 1672 53 

Assignment of new —— ----------- ssqeeceoney UGH 50 
Charted ——, importance of correctness in_-- 162 47 
Charteduineorrect Waseem nen 162 2 

Coast Pilots, ——in_--_--------------------- ee 832 

Consulation of map sources__---------------- 162 47 

Decision by the Board required _-_---------- 1672 53 
Descriptive ——, unsatisfactoriness of____---- 164 50 

163 49 
165 50 

Descriptive Report requirements. ------- 2 yi 745 
842R 790 
8433 791 

disagreeing in name, usage, or spelling_------ cee 3 

DISPUte Cl en een 167 51 
Dual —— for one feature _---_---------------- 162 47 

duplicationee..—) =< - 20 ae eee vier a 

Examples of —— information__-------------- 1663 5 
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Reference 

Geographic name(s)—Continued. No. 
Field investigation of —— ________-__--____- 162 
Hydrographic feature —— in slant lettering. 7873 

Hydrographic surveys, —— on_-_------------ be 1 

indefinitely applied, reported in Descriptive 
Reporte eee aes soso eee 7871 

Information (eram ples) = sass 5 - see 166 
information required in Descriptive Report_ 163 

inked at Washington Office______._..-___---- yee 

inked only after verification__.__....__.______. 7874 
investigation made at Washington Office____ 9321 
sarge areass———\of. Seas on a os ene 7872 
Bettering eee ease eee eee 722 

“ea in! soundedtareds: =. sone se eee 7872 
OTN CUT eae eee ee 7872 
Size and style standards____....__--._._--_. 7873 
Standards eo. se ene eee 9322 

list, required in Descriptive Report_____----- een 

Living persons, —— honoring. ____________-- 1671 

Local authorities to be consulted___________- ies 

Local —— to be on smooth sheet___________- 7871 
WOCaIMISa eset te a eee eee ee 162 
Migratory features, ——on__________________ 162 
INauticallicharts\———(0Ne ees) nee 16 
ING Win) See oes BO eee 1672 
not inked by field parties_______________.___- 161 
Number of local authorities to consult_______ 1631 
orientation on smooth sheet________________- 7872 
Philippine Island ——, special report on_____ 1672 
placement on smooth sheets___-_-_--_--____- 7872 

bat Ao hee 163 
IROSSeSSL V6") sini ——— = a ES er 

PLONUNCIAtIONEse === ee ey eens ce 163 
Recommendation required where —— dis- 

BOTCON ee ae er ee ee 1631 
reported = Coastrbilotrevisers sees 91334 

reportrequireds—..2--- -. ee Se Vebe 

Selection of new names__-___.._._._.-..--=--- 164 

Smooth sheet, —— to be included on_______- von 

Soundings not to be obscured by —— _______ 7872 
Spelling, importance of correct_______________ 162 
Cys ” 163 + DOSSESSIVe} OT —— ae Sow se ee tee Heer 

standards in Division of Charts______________ 9321 
Topographic feature —— in vertical lettering_ 7873 
Topographic Surveys, —— on_______________ 161 
verification at Washington Office_________. __ 9321 

Geographic positions (see Positions, geograhic) 
German echo-sounding instruments__________- 533 
Gillottspens Seen. 5 ne eee eee 725 
Glasses, shade, sextant (see Sextants, navigat- 

ing, shade glasses) 
@ilobigerinayooZesse eee eee eee 3848 
Glossary of Coast Pilot subjects______________- 916 
Gnomonic projection, description______________ 1122 
Gondola-skiff 
ID escriptions eet ee. ye ee eee, 4244 
ID TIN SUSI ONS eae ee eae S| 4244 
JW SC22 = eee Sen ee eee ee ne 4244 

Government services to the navigator, de- 
scribed in Coast Pilot_....__._-.-._- 9135B(1) 

Governor, centrifugal, in echo-sounding in- 
SURUIMNGN (Sas ae a eee ee = eee 51654 

Gradient, velocity of sound, effect on R.A.R__ 6343 
Graphicicontrolisurvey(s) so eee 237 

Definitions $3332 see=. = = or eee see 237 
IN@t1IR6 Ofna sa ee ee 237 
supplemental to air photographie survey____ 2395 

Graphic determination of velocity corrections 
(see also Velocity of sound correc- 
UI1OTIS) = ee esc eign ae ee 5615 

Graphic recorder (see Echo-sounding instru- 
ments, graphic recording; 808 Fath- 
ometer; Fathogram; and Registering 
devices, echo-sounding) 

Graphic-recording instruments_-___.__________- 5137 
Development a2 = ee ee See eee 512 
Portable —— Sa ee ee eaten 5137 

Graphite, powdered, use in making transfers__ 7561 
Graphs, temperature (see Temperature graphs) 
Graphs, velocity correction (see Velocity of 

sound correction graphs) 
Grease, removal from tracing cloth___________- 7141 
Green hydrographic clock_-___.---_-_________- 4543 
Green-Bigelow water bottle, cose puion. = Lean 4742 
Guide, first echo-sounding instrument__ DESI Gi 
Guide, R.A.R. technique developed on________ 611 
Gulls, dangers and shoals disclosed by-________- 3623¢ 
Gyrocompass (see also Gyroscope) _-_______-__- 442 

Wilvanvaceset tetes meee Chu ATi eerie ee 4423 

INDEX 

Reference 

Page | Qyrocompass—Continued. No. 
47 Automatic'steering ee). ees eee 4431 

747 Azimuths for use in setting —— _____________ 356 
47 checked by astronomic azimuth____________- 442 

745 Comparison with magnetic compass___.____-_ 442 
Disad: vantages-_2.-2—-- a ae 4423 

745 error due to acceleration. --...--......-.-.=.- 4423 
51 Forces that act on —— _____________- 2 4421 
49 functioning improperly! 2222-2 eS 442 

747 Maintenance. 2s tes ae x7. St Ts 4425 
848 Oiling' 48 Se ee ee 4425 
747 operated continuously at Seq ace ly Mek nee 4424 
847 Oscillations.of —— = 22 _ eo) eae 4423 
746 repeaters 
663 Relationship to master compass to be re- 
746 Corded 2-32. Sis eee 442 
746 Stop —— before stopping master compass__ 4424 
746 Starting’ ——= .. 20. Shee SRO Ae 4424 
848 Starting ——‘at sea ae) Cr ee _--- 4424 
50 system 
791 Bearing repeater, description______________ 4422(c) 
52 Course recorder, description______________- 4422(d) 
48 equipment). 5_ eos ee 4422 
49 Gyro pilot. description= eee 4431 

745 Master compass, description.______________ 4422(a) 
47 Steering repeater, description___-___-___-___ 4422(b) 
48 Gyroipiloti ees. 25822 4 2 ee 4431 
46 Gyroscope, precession= => = = =). aaneenn nee 4421 
3 Gyroscope; theory: Ofer 4421 

49 
746 H 
53 

746 
49 | Half-cosecants, natural (table) ___-._.----------- 964 
52 Half-foot soundings, where required on smooth 
49 sheets... -_ Se eenets Sa ee 7713 

Half-tangents, natural (table)_____-____________- 964 
49 HMallicrafterssine >) ee ae 6722 

814 ammarinndbivitse COnapae secon eee 6722 
49 Hammer-type transmitting unit, echo-sound- 

805 ANP MNS LUM Ct Sa eee 5161D 
50 Hand-correction date on charts, definition _____ 1127 

745 Handlead sounding(s) (see also Leadsman)___- 3421 
745 Bottom characteristics, frequency require- 
746 ments22s 3): See: Shae ee See 3842 
48 Calling out ——plainly22. 2-2 4623 
49 Correcting —— for leadline error____________- 8221 

ae @urrenticiect On —— Pe eee eee 

747 Depth limitiof —— .-. _-..-.--2.-_ ee 3421 
47 Depth unit required in ——_________________ 3112 

848 Description of taking a—— _________________ 3421 
Echo soundings are replacing —— ___________ 342 

502 Elevation of leadsman an advantage_________ at 
665 CLTOLS 22 nee ee ee eee ee ee { 4623 

due to similarity of numbers______________- 4623 
306 LanapoahaVorehy@anigal Whbaeys oes SU es ee 4623 
824 increase depths apparently_______________- 4623 

3 Frequency requirements_____._______-_______- 3431 
aun ch: =v a een 2 a ee 4625 

327 misunderstood by recorder__--._-_---_-_--_-- 4623 
327 Nigh tireading/of ——" ee ee ee 3421 
327 Position-frequency requirements wae ees ees 3313 

Recording ——, approved manner of ________ 81 
817 Unexpected depths to be verified by recorder_ 4623 

Harbor(s) 
454 Dehnitionlss ss = es ees_5 ee See eee 1682a 
589 informationian Coast Pilotsies = 916 
95 Isolated ——, survey Of__.._--._--_ 2-22. -==.2. 393 
95 master, source of local information___________ 916 
95 of refuge, described in Coast Pilots__________ 916 

103 regulations required in Coast Pilots__..______ 916 
Sounding-line spacing in —— _______________ 3152 

Reductioniof ———"= 4 = 2s -= 2. Se 354 
535 Heating elements used to ignite bombs________ 6841 

Heeling magnet, compass, adjustment_:_______ 4414(9) 
Helmsman (see also Coxswain) 

Experience —— needed for dead reckoning __ 3373 
Higgins drawing ink(see also Ink, drawing) ____ 726 

443 High tide 
441 Extensive shoal areas sounded during —— __ 3661 

fag Low-water line sounded during —— ________ eS 

High-water line (see also Shoreline and Topo- 
graphic data) 

Definitions 2 tahoe tet eee ee 16826 
662 Distance estimated to —— _________________- 815(g) 
381 Symibolization= 2=--— Ee a eg Eo 752 
409 Hilltops ; 
441 Errors in locating —— by sextant ___________ 247 

ous Used) as) CONPEOMSiALION Se \eeeeh 

339 “Holidays’’ in hydrographic survey__._______- 3541 
341 Where:==—-are:likely_ 3255 --<) 2-22 3541 
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Reference Hy drograhic—Continued. Reference 
No. Page signals—continued. No. Page 

Homogeneity of sea water Targets arranged to reflect sunlight________ 271 152 
@onditionspor— == es Fo wee = 5 622 560 Temporarv nature of —— _---------------- 2341 92 
OCcunren CeO m—— ee ee es ene 622 560 HIV CSS Senate A See, oe coe 271 152 

TS Roa) SS ee Oe ees 47 400 stations (see also Control stations) 
Hook, special, for weighing DROVE a ee 2852 188 Accuracy requirements--.-.+-----.--.--... 244 105 
Horizon closures in triangulation, require- Air photographic surveys, percentage 

TCLS Sere ee 223 75 located byt sae a ott 2393 101 
Horizon distinctness important in astronomic Classificaone sen ees eee s oe TE 2115 61 

ObservatlonSe<- =. -=— 5 =22 3-5 3 == 3384C 242 Definition ‘an 61 
iEorizontalmcouLrolm (scemGOntrol, ANd. SPCC \) tamiagtt ||) Vi aetatetiecbnMe REE Le Wea a 24 103 

type of station) IDeESCHI DON 42 - ote 8 ee a 245 106 
Horizontal control (of hydrographic surveys)__ 33 211 located by 
ACCLITAC Vane te oe Saat e 332 215 air photographic survey-.-------------_- 2392 100 
IDYevihat lita) dl" Se ee - 33 212 Percentage available___----------_-_-_- 2393 101 
Especially accurate —— __--_------_---.----- 334 223 Symibolization== === ee eee 2392 100 
Large-scale survey —— by three-point fixes__ 3341 223 planetable traverse, symbolization_ ______ 2393(b) 101 
Large-scale survey requirements__-_-_______- 334 223 planetable triangulation, symbolization__ 2393(c) 101 
WAG)... 332 215 sextant angles from air photographic 
MORNOGSASDEG Ale: tea 22s ee 3323 216 StATLONS isn eee 2393(d) 101 
positions by different methods, difference in_ 361 277 Re quirements==s--ssee— = eee 2393 (d) 101 

Horizontal datum (see Geographic datum) Shrasal ooiirAln toy pee ee 2393 (d) 101 
eee Hse shore pertles. So apa eee ee 1351 22 sextant angles from other control stations_ 2433 105 

ospitals, Marine, listed in Coast Pilot______- 916 833 ke 2393 (e) 101 
Hours, numbering in Sounding Record ____---_- aoe 762 pone ee front vessels = (aia 105 

27 495 ymbolization___-_--__- ee eee oe 2393 (e 101 
Hughes and Son, Henry------------------___- 528 498 Sex OMCLCr Seeeee ee ants ae eet ee Ae 2393(g) 102 
ORES te instruments ae, Timi OT USC hee oe Ceseees ea 2393 (9) 102 

Viper ea a ae =) bee 501 Symbalizations=s= seas eee 2393(g) 102 
Hughes MS. 12 12D (see MS 12 D, Hughes) ~ three-point fix at station_________________ 2431 104 
Eines Gefinition=-s 22. == ees 5243 476 located with reference to detail on photo- 
Huygen’s construction for reflected waves- --__- 6221 561 PTA IS aa ee eee eee eae 2394B 102 
Hydrographer planimetric map detail_________________- 23944 102 

Duties, extracurricular, of hydrographic Locating —— in inaccessible places_______- 246 106 
DAG yee ee ee ee ee ae 38 296 ibocationsmethod'sseee= = aan eae 243 104 

responsible for Sounding Record____________- 818 769 Marlcin tanta as os. 2 Sen a 245 106 
Responsibility in dangerous waters____--__-- 361 276 Names sleneE iO lessee ee eee 2151(2), (3) 64 
Term as used in this Manual_______________- 114 8 names to be taken from list (list). _._._____- 965 887 

Hydrographic not used in locating other stations_________ 241 103 
data, miscellaneous, indexed in Sounding Observations to locate ——, records ________ 248 109 

Genk, Ae ee ee 819e 770 Recordsiofiobserved datazs=222=52=- a ssaase 248 109 
data of other organizations compared with relocated by other more accurate methods__ 241 104 

smoothishect sa. = 2e8—-. < -- etee= b 93454 857 supplementing those located by 
launch (see Launch, survey) air photographic surveys_-______________- 2393 101 
Mientialecontenta seer se ss a- = a ee a 114 8 COPOSTAD NICISURVEYS so-so ee ee 242 104 
Operations Mess 2s - L281 S282 eens oe ee 34 250 ay ee: 2392 100 
positions (see Positions, hydrographic and Shon oyo) bh Araloyal. 2- A ee Be 241 104 

Three-point fix) 1743 (c) 688 
sheet(s) (see also Boat sheet and Smooth sheet) iWihererneed cda- — = ee  e ee 241 103 

2 192 survey (s) 
Depth unit, one only toa—— ____________ 771 714 PACCUTA CYR = on ae oot oe ee a 1126 5 

\7716 715 Additional field work recommended ein en 93487 859 
. . 131 16 31 191 from air photographic surveys_._-________- te 674 3046 209 

Data furnished field party______-____-__- 131 16 INGE QUA CYNE oe Se salts ges 5 oF oe EN ee 35 267 
ATG OXMeee Naren Se nah a = Se 8413 737 355 272 
limits given in Descriptive Report________- 842B 787 ; ; o's 36 275 
junctions given in Descriptive Report.____ 842B 787 discussed in Descriptive Report ____.___- 8427 788 
onentationeta= (= 3-322 | ee a 1362 25 REVO VELICSOL IA NEN ACN eee A en 9348G 859 

1365 26 Adjoining —— (see also Junctions) 
printed from air photographic surveys_--__- 42392 100 Comparisonireq wired =a sa5 es ean eee 788 747 

7333 675 identified on smooth sheet_____-_-.----.- 9335 852 
projected from air photographic surveys__. 7334 675 inVGISAPTCCMeN Ge see see ey eee eee 3132 195 
Size, maximum, of/——' -___ _2--- | sees 1363 25 limits omitted from smooth sheet in field_ 788 747 
Size, standard, Of ara) Reaves 1363 25 overlapireduirements:s=—5-- > 5 ees! 3132 195 
eRPanS Mi ptales sss sean a a5 sa -  E 836 785 @ransierof soundings--———2 === sete 9335 852 

signals Gee also Snes Signal cloth; Approval by administrative officers_______ at 860 
ignals; an itewash) - 34 250 

alongindented)coasts=e= ee ae 2341 92 SPD. BOE SAGs os IL ace nsec ceass is (8437 792 
along sand beaches_____- BAe hE Wshees 2341 92 Basie ae descripHlon, -asa-24 ape ieene ae see a 

: 2341 92 uoy-contro MStALISLIC Olona 14 
Appearance to be varied___--_..----------- ee 161 By-products of 222226202 52) so 22-82 1134 7 
Cliffs) placing|———(one=--= 5-2 -----=- = === 2461 106 Completed ——, review by hydrographer__ 3257 211 

271 153 Contemporary ——, junctions with________ 3133 195 
Colors lf — re ee ome 272 154 controlled astronomically, records required_ 8313 779 

275 160 controlled by buoys, records required______ 832 779 
Definitions sees ee A tL 2116 61 controlled by transit shore observations____ 3342 224 
Distancervisiploe maaaeane Dae DUN Bas 272 154 controlled partly on board and partly on 
facilitate hydrography if properly built____ 2341 92 08 PSNOTC MEA se eee Re eas ao ee 3343 224 
Frequency requirements_-_______- ORL as 242 104 controlled wholly or partly from shore____- 3323 (a) 216 
@Generalldescriptionseesen ee 271 152 Controlling —— (see Horizontal control) 
Graphic control survey to locate —— _____ 237 95 data submitted by areas (list) ___........... 8351F 785 
Height.andisizewmee suaetes il so) Iain. 272 154 datums-______ ale eee 2171 68 
Inaccessible shoreline, locating —— along__ 2461 107 Day’s work, identification of______________ 3311 212 
Launch surveys, ——for__________________ 271 152 Definition] <- 22 -es = eee SEH 191 
placed advantageously for hydrographer’s Depth curves, —— to warrant drawing 

TUS Cl= 2 See Ein te DS fe 234 91 vat Bae ae Di SasSiiecO eae eee 353 270 
2 : evelopment (see Developmen 

piped to provide strong Pires pout fixes = ie a discrepancies corrected in field____.________ 79 747 
Sunlight, —— faced to reflect.__.________- 271 152 cur Orsi connedted in field - -----------------.- aa Mi a 
Refraction effect on visibility of —— ______ 272 154 p U Sram sassiees = Soe csscecerseosoce 0 

Features to be named on ——_____________ 161 47 
Signal notices posted on —— _____________- 271 153 
Spacing requirement 2341 92 field numbers.--_--_--.-------.----.--..._- 1541 39 Snes aieaGiasema: aca TseSc Horizontal control of —— (see also Horizon: 
Tall —— (see Signals, 40-foot hydrographic CAlRCOMtTO]) ae Semen ee eenenNN NT 211 

and Signals, 98-foot hydrographic) Method identified in Descriptive Report - $127 788 
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Hydrographic—Continued. Reference 

survey (s)—continued. No. 

invadvance or coutrol: 2232 aes eee 392 
index, at Washington Office_-_....-______- 931 
inshore linit - -_---- Ses et eee 3532 
junctions (see Junctions) 
Large-scale —— controlled from shore_____- 3342 
Large-scale ——, controlling. ___________- rasa 
Large-scale ——, launches and small boats 

to De wsed: 22 =. 42226 22 2S ss sae 135 
Launch —— where signals are not visible__ 3366 
Numbering —— (see Field numbers and 

Registry numbers) 
Numbering —— positions___---____--____- 331 

~numbers (see Field numbers and Registry 
numbers) 

Office statistics sess se eae ee 9339 
Office work required at Processing Offices__ 9241 
Office work required of field party_-_---__- 9231 
Offshore —— . 
Bottom characteristics obtained on —— _ 3842 
mits Ol = 2 Se an eo 122 
Plotting —— on large scale____-_--_____- 37 

Old —— (see Prior surveys, hydrographic) 
omissions supplied in the field______-_____- 79 
Other organizations’ —— 
Duplication Of ae saa ae 3131 
JUNChLONShWib ee nee 3131 
Transmitting —— data to Washington 

Officehi «<2 ee eee ee ee 
DOTSODUEI RGUGIeS 10 fee eee ee 341 
Photographic copies of —— furnished with 

INStrUctiONnSs] = se se ee 
position data in a separate record book____ 831 
Project area divided into zones for —— ____ 134 
Project instructions for —— == =222- 2222S 1214 
Projection used for —— ------------------- 7321 
IP UD OSC seen eee ae 31 
Recommending additional field work__-_-__- 93487 
records 

Custody of —— at Washington Office ___ 931 
Receipt at Washington Office__________- 931 
registry nnmbers, assignment of ________- 931 
Requirement) (ist) es 8351 
Shipmentiof —— = —2- 222-2222 ee 836 

registry numbers 
Assignment) Of === 222 2222-2 = se 931 
Proper useyof——— = 5 2S Se 9339 

Registry of —— at Washington Office______ 931 
requirements 2222.52 2 25 Sas esses sesse 31 
review 

byehy.drosraphen= = 2-2 === aos 3257 
filed in Descriptive Report-_------------- 844d 
in Washington Office 

SCHleS =e te ee ee eee eee eee 
Relation to sounding line spacing________ 315 

Shipment of records separately ---__--____- 326 
Statistics required in Descriptive Report__ 8431 
Superseded —— listed in review -__------_- 9348 I 
Supervision by Chief of Party__--------_-- 3411 
Term as used in this Manual____-________- 114 
Tidal datums, record in Descriptive Re- 

DOG? 22-22 22 222 - eae 844c 
Transit used to control —— ______-_---__-_- 3342 
Verification at Washington Office__________ 933 

Reporte a> ees = 5 ase ee eee 9339 
What a —— comprises-_-___----------------- 1132 

Hydrography 
books» reference (lish) eae ee eee 9531 
Definition esse. a awe ees Seen 1131 
Generalistatement==2-=-— ===-5--2) a 31 

pry drometer, jars -=222 25 esas es eee 4752 
Sponge rubber in bottom of —— _-_-------_-- 4752 
Useion)board'ship esse = as eee ee 4752 
Wiooden' base for ——— se eee es 4752 

Hydrometers (see also Salinity of sea water, and 
Specific gravity of sea water) ________ 4751 

Calibration oi=——— 2a eee 4751 
Description=-—- 2 ae ee. ae Ue 4751 
EO W: COO 8 Oifa— ree Seeks. ok eee eee 4753 
Ranges on eraguahione ss ee 4751 
Standard of graduation!==------ = 4751 

Hy drometerisets:-2----2 25-2. eee 475 
Hydrophone(s) 
Echo-sounding instrument —— (see also Re- 

ceiving units, acoustic) 
Carbon-button element__-__--------------- 5162 
Testing and adjusting —— _______________- 5267(p) 
312 Rathometerima— eee eee 5213 

R.A.R. — (see also Hydrophones, sono- 
TACO DUOY) seen eae a 656 

Bomb signal prolongation at —— ________- 6432 
classification s2== 2 es eee eee 656 
Damage caused by nearby bomb explo- 

Sions =. SSRs Meet BASE Meee Sees oe eee 2533 
Wescription®=.-.2)4=2 9 s-c sees seer e rs SON 656 
Displacement ty pews +. = = ee ee 656 

INDEX 

Hydrophone(s)—Continued. Referen 
Page R. A. R.—Continued. No. gs Page 
308 Wunction: ane ene ee ee 656 613 
847 Location of —— on vessel_____-.___________ 6721 629 
271 Pressure-operated —— ____________________ 656 613 

Ship installation of —— __________________- 6721 629 
223 Shore station —— 
223 ANCHOTIng Me pOd = eae se ee ee 2612 148 

Description =.=: 222.2522 -822 Sees 2612 148 
; 22 located by short R.A.R. distances from 
231 three-point sextant fixes_._..._______ 2534 123 

Exreterablejtypenss ee eer 2613 149 
Relation to R.A.R. shore station________ 2611(a) 148 

212 Selection of —— site_____________________ 26124 148 
SILGS* - See 2 oe ko eh ee soe «oe 641 596 

‘Ly pes tsedton*vessel=s-ss2- 225-2) sae 6721 629 
Be 5 Melacey We ee een ents 656 613 

ono-radio buoy —— (see a We ee y (see also Hydrophones, 

armature, adjustment of_-_-.---__.-__--==- 6565 618 
303 Construction requirements______-________- 656(g) 614 
13 Design requirements:o2-) == 20) se eae 656(a) to (g) 613 

286 Directivity of ——"_a ee ae 656(c) 613 
Dorsey — (illustration) __________________ 6561 614 

747 cables: = 42-2. =<.) So ae eee 6562 616 
compared with Vincent hydrophone_____ 6563 615 

194 Description. 8... ae ae 6561 614 
194 suspension methods_____________________ 6562 615 

656 614 
783 Where used.--,-------------------------- (eee 615 
250 Frequency response of ——________________ 656(b) 613 

leakage____--_-- oe ee en eee 6565 618 
ae sensitivity requirements__________________- 656(a),(d), 613 

e€ 
20 suspension= =o: wes se <9). 2 eee oai{A) 179 
11 tests continuitya ses = ee eee 6565 618 

667 Types.2.28 2. 2. "2. 2222... PS Se 656 614 
191 Vincent = 4-2 2: 2 lee eee 6563 615 
859 ‘Advantages. < "2 | =. 2-2. 22 SE ee 6563 616 

Gable; electric: 222-- = a eee 6564 617 
847 compared with Dorsey hydrophone______ 6563 616 
847 Large type, description_____________- ST G563 616 
847 Large type, suspension__________________ 6564 616 
784 Small type, description_________________- 6563 616 
785 Small type, suspension_______-___________ 6564 617 

suspension == =-=—- ee 6564 616 
847 Where iusedo-2 2 ~ = sat ee 656 614 
854 Weight requirements______________________ 656(f) 614 
847 Hydro-radio switch, function__________________ 724 631 
191 | Hydro-radio switch, operation_________________ 6724 632 

Eby pothalassa, definitions ne eee 632a 576 
a Hypsograph, used with sextometer____________ 2382 96 
‘ 

854 
7 

200 I 
211 Teeatiectine mayigatlon= =e es 916 833 
791 Identificationiofistars== lasses eee 3387B 248 
859 Illumination of ship drafting room____________- 4113 317 
250 F ane 6221 561 

8 Incidence, angle of, definition__________-_____-- leas 571 

Incidence, angle of, effect on path of sound____ 6232 571 

3 Imclined'sextantyangles== ss s— =e eee ee zt 

848 Reduction to horizontal 
854 Both objects elevated (formula) ____--______ 3338 221 

7 Computation form ee ee 3338 221 
Correction graph2s 322252 222 hee se eee 3338 221 

869 formula. - 22222 -= = ee ee 941 861 
6 One elevated object (formula)______»_-_____ 3338 221 

191 Incomplete sheets, undesirable at end of season_ 1343 21 
412 Index adjustment, echo-sounding instruments 
412 (see also under name of specific instru- 
412 ment)# 2-22 2 ee ee eee ie 514 
412 7 526 

iBar-checksmephod sess sae an ee e573(@) 527 

411 Conditions to be observed ------_--------- 5572(d) 527 
411 facilities: a4e. = Seb eee Eee ae 554 514 
411 for settlement and squat, effect on soundings 
411 not ind erwayer ee -ee ee 553 513 
411 for velocity corrections, specifications for use_ 5616a 538 
411 Record of each) ——— oe ae 2S sete 554 514 
410 Separation effect on —— __-------_----------- 556 526 

must be accounted for in certain instru- 556 526 
ments 

Index disk (see under name of specific instru- 
451 ment) 
495 Index disk speed (see Motor speed, echo-sound- 
457 ing instrument) 

Index, echo-sounding instrument (see under 
613 name of specific instrument) 
598 Index error, Sextant-=<" 2225-2 2s ee 4517 366 
613 Indexine a;publication=--- 22 s—— ee 9139 822 

Indications, shoal, to be developed _----------- 355 273 
122 Indicator, echo-sounding instrument (see also 
613 under name of specific instrument) 
613 Dorsey Fathometer No. 1-__-.---------------- 5243 475 



Reference 

Indicator, echo-sounding instruments—Con. No. 

Dorsey, HavhometerNOnd=s--5-------5---- == ae 14 

St2Mathometer see sa Sas oes on 5 §215 
Initial angle, path of sound, definition_________ 6232 
Initial interval, R. A. R., definition._.________ 6853(b) 
Initial, R. A. R., Gisih iti son ene eee 6853(a) 
Ink(s), Grawingee 22 )---e === ee nee ae 726 

Celluloid ——, how to use_-------------__--- 7261 
EHTEL S TT GF mere OE en ete en ee 727 
Thin —— to be avoided _-------------------- 723 
WiaterproQie—— loo 2e- 2 8 = a= 2 = 22-525 726 

Inking, pen points reeommended---_-_--_-_--- “425 
Inking smooth-sheet details, requirements 

(COULERS 8) seer een ae acs x BT 792 
Inland waters, boundaries, where described____ 916 
Inletwaenninionee ce see ss oe Soe 1682a 
Inserts on sheets (see Subplans) 
Inshore areas, sounded from launches and 

Grane lll oi se ee ee 135 
Inshore areas, sounding line systems for__-___- 3153 
Inshore areas, thorough development required_ 355 
Inside routes (see also Intracoastal Waterway) 

Half-foot soundings required_____-_____-_____ 7713(d) 
Installation of echo- -sounding instruments (see 

under name of specific instrument) 
Instructions for field work (see Project instruc- 

tions 
Instrument(s) (see also Equipment, and under 

name of specific instrument) 
Accountability for —— -___.___-__.-__-_------ 433 
Coast Pilot field inspection, —— needed 

(Uist) ES a ae Pa eee ee 91316 
damagedibeyond repairs----_- == — 4331 
Definition, for accountability BD ie art iets i 43 
Depth- finding —— Laren ee sees ee ee 46 
ID Yassin ot ra oy Re ae ee en rai 48 

Miscellaneous —— ____-_------------------ 483 
Echo-sounding —— (see Echo-sounding in- 

struments and under name of spe- 
cific instrument) 

Excelsior, not used in packing —— _________ 434 
Expend —-, authority to______--_--__________ 4331 
Experimental ——, report on__-__-_-_-__.__- 8581 
Fathogram soundings corrected mechan- 

1a lye ee Tee, SaaS ee 562 
Glass-faced ——, packing for shipment _______ 434 
AVN O LOL Yammer a eee eee eee 433 
SOS Um ee ee 4331 
IN AVIS b On ee 45 
Oceanosraphic'—— = 227 8" 47 
Position-location’ —— —_----- +. -2-- = 2 45 
TOQUUISIHIONS# eee 432 
Sawdust, not used in packing —— __________ 434 
Shipmentseee senso toe See we es ee 434 
lee Slats) —— Bo eee ee eee 434 
eTOCEC MN Om aan mee ee ee ee ee ae 434 
TOCELV.CU meen ste Fo ae Oe ee 432 
Damage to be reported to Washington 

ft CO eet oe ee eee 432 
Instrument numbers to be checked__-_-_- 432 

Shredded paper used for packing —— _____-_- 434 
Survey —— 

Availability of —— at start of project_-___-_- (iar 

@arelaitermlsOs- 26-2 ose soe emcee eee 431 
COLTO Oi! = ee ae ee ee eee 4313 
Damaged ——, returned to Washington 

O fli cone nR es ee 
Damage to be described asl. sss nna ais 4314 
Requisitioning replacements__.___-__-___ 4314 

dried and oiled after getting damp_________ 4313 
Excess —— to be returned to Washington 

inventory 
numbers to be entered in survey records... 43 
Oiling —— after cleaning__________________ 4313 
returned to Washington Office, requisi- 

tioning replacements_______________- 4314 
Surplus ——, returned to Washington 

(Ova GDs i A ae es 431 
Transfer of —— ____- J ee eee 433 

Instrumental error, echo-sounding instrument. 552 
AG TUSEINC I tees ee ke es Len as 55 

On l2aHapnometereassee 5543 
@ause; most troublesomezs.22— = 22-522 =- 552 
COMPCNSApON Ese ae ae = ee ee 5521 
COMPUCAWONs seer nee ee LE 5522 

not to be made in Sounding Record _-----_- 5522 
VOLT GO ee ee ee 5521 
GeLenIninahiGne ae ea Leonean 5521 

iBar-checksme hod sesese see eee es 5521 
by simultaneous comparisons_________-____- 5521 
Hrequency required!" --- 2 5523 
Precautions mécessarya-—--------- 5521 
SLOCCGUEG eee eee ee ee ees 5521 

PaGeE 9il INDEX 

Reference 

Page | Instrumental error, echo-soundInginstrument— N0- 
482 Continued. 
488 Form for determining —— _________-_________ 5522 
458 increases registered depth____________________ 552 
570 Magnitude varies with instrument__________ 552 
653 Soundings ehecvions=-— see ee ee eee 552 
653 Variation factors! CAUSING --— = ee ee 552 
665 Instlarishelfadefinition =.= sees ae 168la 
665 insular:slopesdenmitlone sess. pe ee 1681a 
666 Intensity of sound (see Sound, intensity of) 
664 Interference of sound (see Sound, interference of) 
665 Intersection stations, without check, classifi- 
665 Cablons 2224. = eee el eek ee i yt ot 211 

Interval between positions (see Positions, hy- 
749 drographic, frequency) 
826 Interval between soundings (see Echo sound- 
54 ings, frequency and Soundings, fre- 

quency of) 
Intracoastal Waterway, U.S. Engineer bulle- 

[A bo Yolen the iN tig nthe ate AR i) tt. 914 

a Intracoastal Waterway Pilots_______-_-_______- or 

Inventory 
715 Ohinstimimentse== 2a = ee See eee 433 

Of POD ys se ee 433 

Irregular bottom, spacing sounding lines over {3135 

[sland deninition=as= sass. eee eae 1682b 
Tslet definitions. sere ere sae ee LES 5 ee eo 1682b 
tales uSerNgrex bes eae ee eee 9136 

333 

ail J 
334 Jetties, Coast Pilot requirements______________ 916 
330 Jowell, moO oak ee eee ee eee 156 
383 | Jumps, in sounding lines, from three-point fixes 
418 ObServedion buoys 2) ee ne 3337 
429 | Junctions, hydrographic survey (see also Hy- 

drographic surveys, adjoining) 
Adequacy reported in review ___--_-_-_------- 9348 D 
Boat-sheet ——, soundings transferred at____ 3233 

334 Boat-sheet —— with other surveys shown___ 3256 
334 Descriptive Report requirements___________- 842B 
805 EXAMINA TOM Of — ye eee a eee 9342c 

Notations required on smooth sheets________ 9335 
539 On@ak yoyo yniine gl =e 3132 
334 Transfer of soundings on smooth sheets_____- 9335 
333 Wherein disarreement somes see ee neers 3132 
a with contemporary surveys___________-_____- 3133 

400 

361 Kelp K 
333 as an aid to navigation. ___________ bven Sapte 916 
334 (ap ovsoe sy OO Ks Lye pe Rs eek tee SE LN, 36235 
334 Dangers and shoals disclosed by —— _______- 3623 
334 Investigated thoroughly... 3623b 
334 Navigational importance of —— ____________ 7864 
333 notedin!Soundine Records 22a eee eee 815(g) 

Reflections of sound from——or other marine eet 
333 STOW tee ee ee eee ee 571f 
a SVTTESOLIZ a ELT eee eee 7864 

Thick —— unsounded_....-.---------------- \esoan 
26 Syvimbolizatlomes eer es ee eee 36236 
27 Kerosene, used to clean instruments___________ 4313 

331 | Key, automatic, former use in R. A. R_______ 6852 
332 | Keying circuit, echo-sounding instrument (see 

under name of specific instrument) 
331 | Kiel powder, use in making transfers_.._______ 7561 
333 | Kilometers, conversion tables__-______________- 963 
SHS ill “iccraoill Glaus oe eel DEEDES 1682¢€ 
332 | Knuckle-skiff, description and use_____________ 4246 

Knudsen reversing thermometer frame________ 4722 
27 | Kodapak cellulose acetate_....._...___________ 7143(d) 
So Lem HET OO GROCTICIS aan ean men 724 
330 
332 iG 

333 Hag OOne Gein tl Ons see eee ee 1682c 
Landfalls described in Coast Pilot_____________ 916 

331 Landing places described in Coast Pilots_____- 916 
333 Handing ss sim All = Dodie a=. ee ee 1582 
510 Dangers in making —— _________________-__- 1582 
507 Precautions to be taken in making —— _____ 1582 
517 Landmark(sifor charts) ee 155 
510 : i 155 ea Area (not sheet) basis of report..______--___- {ors i 

512 Chart-sections, reporting —— on____________- 8534B 
512 Coast: Pilot requirements2- === --- 222-2 -=-= = 916 
511 Coast Pilot reviser, —— reported by_________ 91334 
511 Control stations, —— used as_______________- 7844 
512 Definitions of terminology_____-_-----_____-- 8534C 
511 Deleted from charts, reporting —— to be____ 8534 
512 Deletion\ofa—— "Sb 2e8 22-2) eee 155 
511 Descriptive Report requirements__--__-_-_-- 842Q 
511 Duplicate of report for Coast Pilot__________- 9122 

Page 

512 
510 
510 
510 
510 
54 
54 
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Reference 

Landmark(s for charts)--Continued. No. 
elevations required on smooth sheets _____-__- 7844 
Form 567, instructions for preparing -__-_---- 8534A 
N omenclature (CLOM PLES) Sas See aeons 8534C 
Nomenclature standardized ___---__---_____- 8534C 
Planimetrie maps, locating —— juke eee 155 
recommended by hydrographer____------_-_- 7844 
iReport redMinedas 2225s nad= see ene ae 8534 

Duplicate copy for Coast Pilot Section__._ 8534 
Selections of ai. -. 2 ee een ee ee 155 
shown on topograghie or hydrographic sheet_ 7844 

Smooth-sheet identification required ________- ae 

sym bolizatione:22 2-2 a= ee eee 7844 
Terminology, approved___----.--_-__-____---- 8534C 
Triangulation location of —— -___-----_----- 221 

Teangevine. 2292-2 ocean en eee nce ae eee anon 512 
Langevin-Touly electrolitic recorder (see also 

Echo-sounding instruments, French) 5311 
duaplace azimuuhs=. << 26 = en ee ee 223 
Latitude and longitude numbers on smooth 

sheets 
Placeme4»nt2#3- 0: 982) 2a th ase fe 7323 
Sizera-< - (See Sa ee ees 7323 

Latitude and longitude scales (see Seales, lati- 
tude and longitude) 

4122 Launches of the Explorer___----------- Sees { 4211 

Launch(es), fishing 
{OL NY GrOLTAphiC SUNVEYS= a2 22 == - 2a ae 4233 
HO WsDOW ered 22 32262. sce et ee sees ease 4233 

Launch(es), hydrographic _ 
Dangers to be surveyed in —— -___-_-_-_-__-- 361 
Drags used to slow down —— ___------------ 3461 
Speed while sounding=2— = 

Tatnch (es) xSubVveye- == -- = a2--s 50 - = 
Characteristics of —— 
Dimensions of one of Hxplorer’s —— _______- 4211 
Equipment, survey, described___-___-------- 422 
@Generalidescrip tions esse ee ee 421 
Tie aSe Ch ee ee eee ee ee 423 

IBIGS {OR aa—— See we se ee ee 4231 
imspectionwreportes——-—— = 4232 
iPreterableitype-——— eee 4233 
‘Specifications s24 5-2 = ae ea ee 4231 
Surnveyioh=—— (2. === = ea eee ae 4232 

Leasing ——, procedure_____---__-_--_-------- 4231 
Types used by C. and G. S. deseribed__-_--__- 421 

Launch hydrographic party, personnel of______ 142 
Layout, sheet (see Sheet Layout) 
Leaders, use on smooth sheets___-------------- 7914 
Leadline(s) ee ig he a ee ee ee ee 462 

‘Attachinglead itoi———2 5 = * = = ee 4661 
Checking —— (see Leadline verification) 
comparison (see Leadline verification) 
Current. ciect on — eee 3464 
Depth changes disclosed by —— ------------ 3416 
Descriptions. ot 22s ee ee eee eee 462 
Float attached to —— for use in surveying 

SHOSIS See eee te eae a eee 3664 
Heaving out the right length of —— _________ 3421 
identification makings). ee 4621 
lengthetus eats wees 62S as te eet at ae 4621 
marked in fathoms of feet, not both__-______- 4621 
marked in fathoms, standard marks_-__--_----- 4621 
marked in feet, standard marks_-_-__-------_- 4621 
marked under tansigueence ean tame an a 4621 
TANG 8d ea 02h a a A ly Se Se 4621 
Marking’ mews - = 22s oo ase e eee 4621 

Marking for use in checking —— ________--_- eS 

IMArkS MO WwalOavlaCh eas saan e =e ee 4621 
Material ses 8 ee eee on oe See ee 462 

Preparing ——= for use! 22 s=-=232 = ae -e 4621 
iPreseasoning — ee 4621 
should never beibolled== es. = Ss a 4621 
specifications 232225 = ee es Pees 462 

P 3421 Propeller, keeping —— out of__----__-_---__- 346 

Re-mark:——> whenitoha= 3 s-=— =a 4622 
Samsonitiller;rope==- = ee 462 
Sinking rates-=--- = = 2 a Ses 3421 
Sounding with ——, description_______-_____ 3421 
soundings (see Handlead soundings) , 
Standardization (see Leadline verification) 
stowed wet, when not in use________________- 4622 
Straightening —— before reading depth_____- 3421 

Verification! =-2 =. eee 

by Recorder: = se! 2. .- 5. eee jen 

Errors found, recorded in decimals_________ 4622 
Frequency requirements___________________ 
Recorder responsible for —— 
Recording == 2-3 5 a eo oe ee 
Recording —— in Sounding Record_.-_____ 8134 

INDEX 

Reference 

Page | QLeadline(s)—Continued. No. 
741 Weoleht oflend: =o os- 2  ee 462 
801 Leadsman 
804 alternating with assistant.__......____.____-- 3416 
802 Assistant to ——, duties of_.._.______________ 3416 
41 Canvas belt to support —— _-____-_-_________ 4625 

741 Depth changes, —— warned of expected_____ 3421 
800 ID WGeSs= 25 ee ae Se 3416 
800 Handlead soundings, how to take_______.___- 3421 
41 Instruction in somnding=ss- 2-222). ee see 4623 

741 Lookout, —— serving as_______________-__--- 3416 
734 Leads*soundinge*) = eae 466 
741 3416 
741 JACI Been 2 SEs! ee ee 3841 
aus 4664 

4665 
440 IDR SANE) esse sda sscteeesreess sess: \arag 

Handlead —— 
500 Attaching —— to leadline_________________ 4661 
75 Sinking rales es eee 3421 

Special —— for soft bottom________________ 4663 
IWielehtSiOn mee ee Sore to ee 462 

669 Pi pe(——— ee eee 4662 
669 Shapin>’ bottom of —"_ 4661 

Sizestand weights'---- = eee 4661 
Weights used in serial temperature observa- 

320 tions te es ee ee 6321 
323 Leaks in hydrophone cable, tests for__.________ 2613 

Leasing launches, procedure___-_-_--------___-- 4231 
326 Least depths (see also Dangers to navigation 
326 and Shoals) 

Determinationof ——-- = ee 366 
276 determined by 
264 closely spaced sounding lines______________ 3662 
264 driftisounding == = SS eee 3664 
322 feeling withleadlines===—2 =< ~== == tees 3664 
323 ‘Wwite-drag.> .2* 222-4424 seh=3 Sess eee 3663 
323 Inking —— on smooth sheet_____________ 7866 
324 determined from an anchored boat ___________ 3664 
322 differing consistently from prior data________ 3521 
325 7732 
325 Emphasizing —— on smooth sheet___-_-__-_- 7753 
326 7913 
326 Former —— not verified, reported in Descrip- 
325 tive Report 222 22.2452 s.5-5. 22ers 3521 
326 found 
325 by feeling with leadline__________=________- 366 
323 IDataitoibe recordeds==_- "= ee 366 
29 by wire drag need not be investigated _____ 351 

Descriptive Report requirements__________ 842N 
749 Visualliys (22 ste. S52 eS __ 366 
383 from prior hydrographic surveys to be veri- 
397 136 pe eee Sar hm bene Am Be SN ele 3234 

from prior wire-drag surveys need not be 
Verified! sect a ee ee er 3523 

266 Inspection of —— on smooth sheet___________ 7913 
253 Legend to accompany ——__________________ 7753 
383 Low tide, —— determined at________________ 3661 

Sand shoals, requirements___________________ 367 
284 Shoalest soundings to be recorded______--___ 3433 
254 7732 

a Smooth-sheet requirements__________________ Li 

384 7913 
384 Sounding lines, systematic, —— not found Be 
385 (OY 0 ae 3621 
384 Wire-drag clearance, allowable______________- 3663 
384 NVVITECKS teeta Pee re 1 ne RN ere eee 365 

SS edge; definition.2£=2.-s.4s..-- 6 ee ere 

a edges; Symbolization==—-22-5 ss eee es 

383 Leeway on dead-reckoning sounding lines-_-____ 3371(1) 
384 Legends (see Notes, explanatory) ze 

Fy Legibility required in Sounding Record_______- (311 

383 Lenses, instrument 
254 Cleaning Eee sa ee eee 4313 
263 Dusting ——— ee = ee eee 4313 
386 Leroy Jetternuesetes= -2 == - ee ee ee 4834 
383 Pen'sizesion—= £8 eee 7231 
255 Template size for control-station names______ 7442 

254 Lettering sets, mechanicall_—— == == =e {axl 

Leroy —— , description______________________ 4834 
385 Pens*cleanin ge 25s See re eee eee 4834 
254 Symbols, special, cut in templates___________ 4834 
256 Wrico ——, description__..__________________ 4834 
385 Lettering, smooth-sheet en ere ee 72 
252 Minute ——-notused=2-=2 ye 723 
757 orientations =2-- <= -- oe eee 722 
386 Siyle2 ae ee eee Sea epee s 723 
385 with mechanical lettering set________________ 7231 
385 Letters, day (see Day letters) 
385 ‘Leveling atiiidestations== 9 =o ee 1433 
760 Lifeboatmen=s:= 2 wes) Se eee 1582 



Reference 
No. 

Lighted ranges (see Ranges, navigation) 
Lighthouses (see Aids to navigation, fixed) 
Lighthouse Service, use of submarine bells. ____ 611 
Lightship symbolization Cn ab ep eee 7842 
Lights, navigation (see Aids to navigati ion, 

fixed) 
Lights, special, to indicate survey activities ___ 1585 
Light structures, abandoned __ eee eee SA 
Lime (see also Whitewash) 

Meterioration of —— = 4-4-3 h = 276 
Wimits: Doat-Sheet = aaa e ea ss Beep 
Limits of unsoundable areas, data required____ 3244 
“Line begins,’’ Sounding Record requirements. 815(a), (b) 
Pine orechosoundinegs.» _—-- = ---22--. 2-225. 563 
Line of position (see also Astronomic lines of 

position) 
by UG NO) [OCS NONE A eee 4441 
in fixed-position control___-_-_----_--_- _ 33 

Line of soundings (see Sounding line) 
Lines of text, numbering in Coast Pilot-.____._ 916 
Line, sounding (seé Leadline) 
“Tine turns,’’ Sounding Record requirements__ 815(b) 
List of eogemaphie names in Descriptive Re- 

TERE ii es het a See (i 165 
Locations by sextant, Sounding Record re- 

CUNTEMeNTGEe == 8 ae ose ase sea ee 3244 
Lockerbie seale____..__-_--------- ea ee ARS 
Accuracy attainable Wild == nee 4823 
IDET OHO aT ees IS ee eee 4823 
Sealing positions with —— __________---_---- 4823 

Locus of an angle used as a proposed sounding 
TET ee ee Peg oy Ra Beas 3143 

LG (S), Sano). ~ 7 ake a eee 445 
calibration (see also Logs, ship, factor, and 

Merseships rating) esa ee 4454 
Maximum current that can be disregarded _ 4454 
MONO See eee ne SEE ae ee ee 4467 
(HOG. . 3) a eee 445 

Changes in course, —— to be read at__ 3373 
Chernikeef —— (see Log, ship, electric sub- 

merged) é 
- . 374 

Dead reckoning, use of —— in_________------ { 3381 

distances to supplement taut-wire traverses__ 2562 
Electric submerged —— ___-____________-__-- 4452 

ANODE Oa Bee a el ee A ee { ao 

IMESChipiionle.: - 22-22 se = Ee ae 4452 
Precautions in using —— __-__-_----------- 4452 

factor 
“ 3372 

(A COUMACWEE 32! fos 22 ee ec ee aay 

Current, eliminating (formula) _____-_____- 4454 
Wecimal places required __-=- == =. __ 4454 
detenminaviony = 0 = 26" eth te 4454 

fOMUSEANEplOtvINg= —y - == — See ea 7651 
AOMNPTAD NIGISCAlO Nee - a ae eee 4827 

En. Ee ees ee ees eee ee 4827 
@onstruction= === - 2-2-5 eee eae 4827 
IMieTHOGIOnNISe 4 a a ee ee 4827 
IPI DOSCN a8 So = eee Ae 4827 

Hydrography, use of ——in___-_-_----------- 4453 
Meridian —— (see Log, ship, electric sub- 

merged) 
Patent —— (see Log, ship, taffrail) 
Rating —— (see also Logs, ship, calibration, 

andpbors, Ship, taco) ]- == == — === 4454 
Current effect on —— _______-_-_----------- 4454 
Current, eliminating (formula) ____------- 4454 
fOTRVALIOUSISDCRUS = ees = = 2 eee 4454 
IPTECAITLONS MECESSALY, - +o.—- 3-2 4= 5 osec2ce- 4454 
RVs Re CIUEIKOG Meese Sete say ay 4454 

oii | ——— ee eee ewes 4451 
(Cini). 2” Ee le eee ie ee eee 4451 
Cleaning and oiling —— ___________--_----- 4313 
ID ESChIp tO nse ee ee 8 Fe ee 4451 
fouled by refuse thrown overboard__-_----- 4453 
loclinevengineesrmee ee 4451 
Log loss in dead reckoning ______________- 3374 
SCLOSITIET pm me pees 7A | 
Survey buoy, fouling ——on_____---_---_- 3374 

TD wiol=——sbolbentiseds Sees ees. ee ee 4453 
Log booms affecting navigation_______________- 916 
Lookout to be Rept when surveying dangerous 

Lookout tower, aetnition Re ee enn acs. eee 8534C 

suost” thaneulaton: stations-—_--_ = ss 225 
Use in changing survey-sheet datums____--_- 7364 

Loud-speaker communication system________ _- 4111(f) 
CMU C RE DIONE ees eee eens ee ie 4121 

Low tide, shoals to be examined at_____________ 3661 
Low-water line \ 

sas 16826 
IDV iva ital. _! SS ee eee ae 4 

465382—44—_59 

INDEX 

Reference 

Page | Jow-water line—Continued. No. 
determined by ee 

555 soundings--_----- - ------- cae 

740 LODOLTAD EIN Ress arr oa eee ee 754 
Development) ofi—' === 2222 2 saee 2 Se 3121 
Soundings near —— on smooth sheet_______- 7725 

ab ownal teens: = see a A eee ee) 

symbolization on smooth sheet. __- fe! 
161 Unsounded —— 
205 Record in Sounding Record _____- sine cs 
209 F noire ! 3 566 Report in Descriptive Report______- apse 8 

540 Loxodromess- 4225 esse 2 ee 
Hubber’ siline of-aicompasss-s222—- 22-2 2s 22 4411 
Lydonia 

347 First Dorsey Fathometer No. 1 installed 
212 Orn —— ee PE ee Be ee ee eee 5134 

First Fathometer installed on —— ___-_____- 5132 
835 Lyle gun, use in laying hyrophone cable _____- 263a 

766 M 

50 Machine, drafting, thiobby crests oe Se --2 A85I 
Machine yerdsineaelechnics=sss5 22-55 5222=——s=— 4852 

209 Machines, sounding (see Sounding machines) 
425 Magazine, ammunition, care of____------_----- 666 
425 Magnesium carbonate, for cleaning cellulose 
425 BCCtAte ee eee eres Ree aah 7143 
425 Magnet, heeling, adjustment_-----.------__--- 4414(9) 

Niasnetss Compasses senoeesen. sae Sees eee 4411 
200 adjustment __ eee ey 0 at a _ 4414 
349 Magnetic 

anomal yee a ee pee AG 
35 evidenced by discrepancy between magnetie 

351 ANG ig yTOCOMPAaSse= en ee se  eee 442 
359 declination, cyclic changes Jue koa be 8 oboe 476 
349 Geclinations definition=s=255-=5 ee 4413 
935 metals kept from magnetic compasses______-_ 4412 

observations (see also Compass) 
at sea from a small boat __--_----------- == 153 

235 Shore ——, instructions for____-___---_-__- 1216 
238 Shore ——, interval requirements ________- 1216 
139 STORMSt oer 39 seat eee cpa 52 4415 
350 Magnetostriction, principle of----------------- 5161B 
235 Maenetcstrictive transmitting and receiving 
350 * unit(s) (see also under name of spe- 
350 cific instrument) - dae ee te IGLB 
350 Contact withiwateraesas= == eee en 5162 

Description _____- a= Aes aL ME te) 7 ESS IGT 
234 Enersy tor——"~ 2B ok Sues 2S 5161B 
238 frequencies! —-_--___=-- Sea one a= 51618 
352 Metal used in — - ig bites 51GB 
352 Mail shipments, weight limitations... 836 
351 Mangrove limits, symbolization____-__-______- 752 
709 Manuals, field work, C. & G. ah eal 
428 Manuals, field work, C. & G. S. (list) Haha 2a O94 
428 Manuscript 
428 Checking ee ee ES O16 
428 bali CSMUuISCTO fee eee eeeniesuse ae 9136 
428 Marking ito? oyna ee 9136 

351 Preparing;—— for printer. _.---.2------_-=-- = 116, 

Map(s) 
data of other organizations 

evaluated by Chief of Party_-_---......... 834 
351 transmitted to Washington Office________- 834 
351 Local —— (see Maps, projectionless) 
352 measure (inStrumMent)/= ss as.esee eo ee 4833 
351 Advantages ___--._-_~- Ee ee ee ea 00) 
351 conversionsablet 25.2 == 33 Sass eee es 4833 
351 ID ESCH TO Mee rs ae acess sea Soe oso oa ae 4833 
349 LOS ee ee ee eee 4833 
350 Miscellaneous ——, requirements for corre- 

332 lation __ 916 
349 Planimetric —— - (see “Air photographic sur- 
351 veys and Planimetric maps) 
349 iPM O naval ESS __-. 2361 
235 Control points to be determined. 834 
350 Constructing projections on —— _________- 737 
935 Field inspection to be made of —— _______- 2361 
351 Field work needed to control —— ________- 2361 
835 TGentifiea toni fim——)a9 =o ee ee eee 2361 

Information to accompany submitted ——_ 2361 
267 Landmarks on ——to be independently 
803 MO GEIUe Clee see ee ee See 2361 
78 Requirements for correlation _____________- 916 

680 supplementing topographic surveys_______- 2361 
scales and equivalents (fable 40)____-_-_-____- 963 

316 Marc Saint Hilaire method____________________ 3382 
320 Marconi Company echo-sounding instruments. 5324 
283 Marginal continental features, terminology ____ 168la 

Marigram, tide reducers from__________-___-_-_ 8224 
55 Marine vegetation affecting Bavibslion pte a eS 916 

694 Niarinusofiy re kes eee sa ea od 111 

PAGE 913 

Page 

271 
694 
694 
193 
721 
715 
715 
694 

194 
194 
788 

2 
335 

442 
441 
150 
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Hetence . Reference 

0. age | MS 12D, Hughes—Conti No. Page 
Marked topographic stations (see Topographic ee Pete ke natae 528 ia 

stations, recoverable) recording device._____________-_---.._._. gaa 5 498 Marker buoys (see Buoys, marker) Separation effect on —— _________._____._._- 556 525 
Marks, station (see Station marks) Bbyius moons sst eee ede 528 498 
Marsh lines Sym DOUZaTIONE = sae 752 693 Mud deposits, geographic distribution of_____- 3848 305 
eee compe, a Pyrowsysteme=-.~-- 22-- == aha oo Multiple echoes (see Echoes, multiple) 
RMIea Ranthoe SL Cee ea as 2171 7 Multiple sea sampler, description....._....._.. 4743 409 

Mean high water datum, use of_______________- 2173 69 
Mean sea level datum, use of__.__..___-_-_.-_-- 2173 69 N 
Measurements, linear, hydrographic positions Names, geographic (see Geographic names) 

determine d by, method of numbering. 3312 213 | Names, signal (see Control-station names) 
Mechanical correction of fathogram soundings _ 562 539 | Names, station (see Control-station names) 
Mechanical lettering set (see Lettering set, Names) structive Sse. eee eee 1672 53 

mechanical) Nansen-Pettersson water bottle__._-.__________ 4716 403 
Memoranda, daily, for use n preparing Nansen total immersion hydrometer____-__--__ 475 411 

month yee ports se ee 156 42 National Carbon Company____________________ 2813 165 
Menaces to navigation (see Dangers to naviga- National Company, dines ss aene seen __ Gra 630 

tion, Least depths, and Shoals) Watlunsl Siuplex Eladworl Ine>.__ 57 0ae 459 
=i 111 2 atural features or objects (see Features, natural) 

Mercator (Gerhard Krémer) __-_-----_..__- Til 3 Natural trigonometric functions for ‘‘circle’’ 
chart, plotting radio bearings on ________ s_. 4445 349 Ween Rae ee oa (table 41)__________ 885 

Cone nee 111 2 autical chart(s 
projection, description... -------------------- {i121 3 abbreviations (illustrated) _____._____________- fig. 189 fol. 888 
projectionitables #8 -= tes =2 20 ot ee 112] 3 BCCULACY: - O85 tess ba eee. 2 eee ee 1126 5 

Mercury, fulminate of, properties___.__________ 667 624 agencies, inspection of_____ SES ee 9134 815 
Mercury, fuliminate of, use in detonators______ 667 624 Charted data 
Weridisnialtitudeisichts. =) = = ee 3386 244 IBTTONCOUS =. 5 ete oe eee 8523 797 
Meridian log (see Log, ship, electric submerged) not always from C. & G. 8. surveys______- 3522 269 
Metal Mike (see Gyro pilot) Origin requested from Washington Office__ 3522 269 
Meteorological tables in Coast Pilot _________ 916 835 Verification of ees 207 
IMSLP ohstn eres Se eS a eee 4821 ADS ih ek mpi ak ak ee ee nee ee a eae 3522 269 

Calibrations ee Ss-8 ee goto ee eS 4821 423 Chartiletters=-=<--'=- 455 eet eee 8521 797 
Ware yo iim—— eee eee eT ee se a 4821 424 Definition. eke ae as ea eee 8521 797 
te SPE aE e Re REO 25 SEPT 4821 423 Dimensionsi0f papehe ee eee 8521 797 

CuhOGlONSe Yeeeah ne es 4821 423 F 8521 797 
Standardiscaless< 29-825 8 2s 8s 4821 423 Preparation. - -------------------=--+------ re 800 

Meters, conversion tables_______________-_____- 963 882 Sketches submitted as —— ________________ 8521 797 
Method of transfer by squares________________- 7562 695 Chart-sections 
Micro-Weave tracing cloth_____.______________ 7141 662 Preparations! =< -.=*---ee eet See 8534B 801 
Miles, nautical, conversion tables______________ 963 883 Reporting charting data (a EE 815 
Miles, statute, conversion tables__-_-__________ 963 883 Where filed in Washington Office_________- 9133b 815 
Mirrors Ccompllation®! =) ee 1124 4 
Instrument —— controlling depth notes compared with 

Cleaning ire see eee ee 4313 332 Smoophisheets ess) ene 9345b 857 
DUStin ge — ees ee See red fc 4313 332 copies for officers and men_--------------_--. 1322 18 

Sextant —— (see Sextant mirrors) corrections submitted by Coast Pilot reviser_ 91335 815 
Silvered ——, reflectivity of__.._____________- 4514 364 Data for —— > : 
Stainless steel ——, reflectivity of.__._______- 4514 364 noted by Coast Pilot reviser -__-___________ 91334 814 
Stellite ——, reflectivity of--_-_---___________ 4514 364 submitted by Coast Pilot reviser__________ 91336 815 

Miscellaneous entries in Sounding Record ____- 815 765 Da C6S (00 ——— ee ee eee 1127 5 
Missed soundings (see Soundings, missed) } datum; how, to identify=——~- = 22-2 = 8533 799 

~ Monterey Bay, California, seasonal tempera- 10g 129 577 datums, Coast Pilot usage__----_-_-_-______- 916 830 
ture distribution im_----____-___-_-_-- 32d 579 datums described_--------------___-_________ 1125 5 

Mooring buoys, yacht, spherical, used as depth anits=*-— =. = =. eee 7716B 716 
markemDuOVSee = soe eee ae aes ee 2821 166 design = - 502.0 Bete oo ee ee ee 1123 4 

Motor, driving, echo-sounding instrument (see examined for erroneous data___-____________- 8523 797 
under name of specific instrument) Hydrographie surveys compared with —— 

Motor generator, 312 Fathometer-_------------- 5212 457 and reported in Descriptive Report- aa 789 

Motor speed, echo-sounding instrument......-{355° 99 | Tmaportanee of— z 
adjustment (see also under name of eee 507 indexsmapnnm Coast ellos ee 335A (4) 816 

insimumMent) 2-2 Soe See ena Ta 5616 538 inspected during coast pilot field inspection__ 9133a 814 
COntTO): 2 ape a FS ee ee Bcc ais 454 jepeinaks (see Landmarks for charts) Ope. , 

: 5165 454 LMS: sooo ee ee eee 3 
Maintenance of correct —— ----------------- (erty 543 making, histonyiote - == == ee lll, 1 
relation to calibration velocity-_-_------------ 555 520 Origin, of ——"342 2 ee ee eee ee 1ll 1 
relationto depthiscale:2 2222 =--=2 = a 520 paper distortion cu ssvsaccetevaeseees Soe ee ue se 

: ei cael os wots 520 eference to ——, proper--_---------.--___-- 
Soundings, effect of Variation on. ------- (Bip 544 revision, preliminary field data submitted for 176! 58 
esa - 555 520 Scales. 2220.8) 366i Ss ee 4 
variation, effect on soundings. -----.-.------ {Brib 544 Smooth sheet compared with —— _________- 9345 857 

Mountain(s) Smooth sheet compared with ——, and re- 
Coast; Bilotirequinements= = 916 835 ported in Teview ===> =a 9348F 859 
Definition sie 22 s2- Se ae eae 916 835 Symi bolsi(@liistrared) aa 97 888 
peaks World coverage, inadequacy of-_--_---_--_--- ll 1 
Accuracy of location required for hydrog- Navigating officer responsible for navigation 

TA DIY A oe eee ee = ee 213 62 equipment and instruments--__-_--_- 431 330 
miseqiasicontrolistations sees eee 33360 220 Navigation 

MS.class echo-sounding instruments (see Echo- books) reference; (71st) = = eee 9532 870 
sounding instruments, English) buoys (see Buoys, navigation) 

INES 312) SEU gheS 34 =! 2 ee ee es en 8 498 equipment 
depth range_-----_-- ioe Sa eet Ate Sk Ee 528 498 Canvas coversf0t—— 2. 53-2. ss 331 
depth scales. =. 222-422 5s3- tes eee 38 528 498 Care: Of Ss 22 2 a ese I 331 
Description!s22te-- tae a See 528 498 Inspection of lights in —— ____--_-_-_- 331 
draft measurement reference point__-_______- 5511(d) 508 of the Ae besten Jones: 2225 2 eee 322 

' fathogram, how produced_-__--_--------------- 528 498 of the-Bizplorér 3-2 22-222 2-5 3- 320 
fathogram paper, description- --_------------ 528 498 Protection from exposure-_.---__------------- 331 
installationtes 22258". See eee 544 505 information 
magnetostrictive unit(s) published, to be listed in Coast Pilot-____- 916 837 

Deseription >. ---t se 6 at tie pe 528 499 Special report of —— -_-._----------------+- 852 797 
nergy foritransmitting ===. 3. 2 ee 528 498 Personal element in —— -________---_-------- 158 43 
frequenCyivss 22-2. 38525 6 Sek seas 528 498 ranges (see Ranges, navigation) 
installation’ cscs a eet ete ee ee 528 498 risk in hydrographic surveying-------------- 1581 43 

motonspeed! Controls 32s see ee 528 498 Study of —— ________-___- eR Ye ses lls a 158 42 



Reference 
No. 

Wewtoni 2222s. sse eee es Pepyeiets. 63 
Nibs, ruling pen, sharpening------------------ 4843 
Nickel, magnetostriction property of-_______--- 5161B 
Night effect in radio bearings------------------ 4444(i) 
Nine-lens camera, focal length-_--------------- 2221 
Nine-lens photographs (see also Air photo- 

graphs) 

Dimensions ey 
hte TORR ee i eS) 

Overlap between —— ____-__-_-----_---_-__- 2231 
“No bottom” soundings (see also Soundings, 

missed) 
SY 21070) 0 bess ——— ee eee ee 8143 

Nomenclature 
Warr Gyo Weel a. oe ee ee eee 8534C 
Geographic name —— (see Geographic 

names) 
Standard list for use in Coast Pilots and hy- 

arographie reports: ---- 2.5 2 sek 917 
Submarine feature —— ____________________. 168 

Nondirective transmitted sound signals _______ 5145 

NonthpAm enican datum =— 2222-2 2 era 

North American datum of 1927________________ 1125 
TG fim GI OTe eee yes Seta ae Set A 2171 
Where printed on nautical charts____________ 8533 

Notes ; 
Boat-sheet ——, advantages_________________ 3255 
Explanatory —— on smooth sheets 

iin gins = Se ee ee oem 933 
AMeSOUNGCALATCAS 22 5) 228 = -albes pfu ad eee 781 
Lettering, style and size__________________- 781 
IRC uinemen [soos =o el Miron) ide ek ta yt Bie 781 

Temporary ——, removal from smooth sheet 
before transmittal_______________ ae 7915 

Notice to Mariners, survey-buoy positions re- 

OGULE GEL Ee rere pees” Se eee eee 4 

Numbers 
@Wonfusionion=—— ===. =. 5. fe edo) ee ee 811 
enuncistedsplainlys - 22) 22 = Se ee 4623 

Position re ne Positions, hydrographic num- 
ers 

Survey or sheet —— (see also Field numbers, 
Registry numbers, and Survey num- 
BIS) pee Sst ee ee ee 793 

Numerals in smooth-sheet soundings 
Orientations. 22 ee eek ty, = Pa 7733 
Placement aera mes a Rie ee 7736 

12.0 ee eee at gee rene erie aoe oe ee 7732 
SiyloEseeeseas = 2 Se ee ee oe 7731 

Nimmerals; slanting, use of_--...--..-_-_ 225255) 723 
Numerical determination of velocity corrections 

(see also Velocity of sound corrections) 5613 
LBEGTTIGU S22 5-5 a ee ERIE table 20 

O 
Objects 

Distant ——, observing bearings on__________ 4436 
Indefinite —— in three-point fixes___________ 3336 
in water to be referenced to sounding line____ 3353 
Natural —— (see Features, natural) 

Obstructions to navigation (see also Dangers to (ate 
navigation, and Least depths) _____- 916 

removed by blasting, to be wire-dragged_____ 3523 
Smooth-sheet representation_________________ 7869 
TOME NOCALCU aaa Seeman amet sek we 365 

Ocean basins, sedimentary deposits in________- 476 
Oceanic dangers, searching for____- Bae Nees open Se 3151 
Oceanographic instrument(s)__________________ 47 

Careroh——sere emer en ee a 47 
IWetalhused aime ee 47 
IMiiscellaneous!—— 22 225i ee 478 
CES US meee eee eee et re a 47 

Oceanography, reference books (Jist)___________ 9531 
Ocean waters, study of circulation in__________ 478 
OdesseysR= Aah. DLOtLActor.-= 4537 
IDES ny no as SoS Hee ee 5 ol 4537 
Use in plotting R. A. R. distances___________ 4537 

Use in plotting R. A. R. positions__________- ren i 

Officelofralsunvey Ship. 9 "-- 2-2 - 4114 
Officer-in-charge of 
hydrographic survey, duties__._...___________ 3412 

daha) Be oe ee a See ee 671 

: 6711 CLULICS Maire SEs rere. Seen eee {eri2 

survey unit, responsible forinstruments______ 431 
Officer, navigating (see Navigating officer) 
Officer on the bridge (see Bridge, ship, officer) 
Office work, monthly progeess report required_ 8514 
Oitsetitiraversess = eres mene ere sar rs fF 2284 
Offshore 

areas, to be surveyed by ship._..____-________ 135 

INDEX 

Reference 

Page | Offshore—Continued. No. 
574 details to be located by topographer_________ 2312 
432 hydrographic surveys 
450 By-product value of ——_________________- 1134 
349 Large-scale ——, method of plotting. ______ 735 
74 WSS Onl GIRHIG 2 i ae ee eee 11 

limit, hydrographic surveys__---_._.__---___- 122 
shoals, use of buoys for control_______________ 25 

ie sounding lines, use of astronomic obser vations {337 “h Dy 

76 soundings, accuracy of location______________ 213 
tide observations (see Tide observations with 

Dorsey Fathometer) 
762 Old surveys (see Prior surveys) 

One-barrel buoy (see Buoys, survey, one-barrel) 
802 100-fathom cutout, 312 Fathometer____________ 5215 

1,000-fathom cutout, Dorsey Fathometer No. 3_ 5263 
Oozesinvoceanicibasins=s 2-2! = eee 3848 
Operation, faulty, Dorsey Fathometer No. 3___ table 17 

841 Opisometer (see also Map measure)____________ 4832 
53 IDGSERI Dp TOMAS 22 2 Ee 5 Sale ere ay ra tea er 4832 

445 INET HO GRO TUISC Rs 2 ee ae a es aes mee le 4832 
5 IUD OSC EMRE ere an een Beek a ana eae, 4832 

68 Organization of survey operations_—______- ererray! 
5 Orientation of 

68 lettering on smooth sheets___________________ 722 
799 SHC TSE eee a aS es TT EL 1362 

soundings on smooth sheets___--_____________ 7733 
211 Oscillator; (see also Magnetostrictive; Piezo- 

electric; Transmitting units, acous- 
849 tic; and under name of specific in- 
733 strument) 
733 S12 Math ometens ete se hse Sea ee atk 5211 
733 Oscilloscope, use in tuning Dorsey Fathometer 

INOS3 eS ee ee 5267(1) 
749 Overhead clearances, required on smooth sheet__ 7846 

Overlap 
188 of adjoining surveys, comparison required___ 788 
798 required at junctions of hydrographic surveys_ 3132 

Soundings in —— not transferred in field_____ 788 
757 Tracings of —— forwarded withsmooth sheet_ 788 
386 Overlay tracings in congested areas 

Dis posalto fm a ee 7752 
Instructions for preparing —— ______________ 7752 
referenced to smooth sheet__________________- 7752 
Silted areas shown on —— ______---- = 783 

749 supplementing smooth sheet _________________ 7752 
Wihere\required = 22 2 sees ee eee 7752 

723 Ozalid prints 
724 ID CSCrIP tO Nets == oe. eae alee pest eee 7332 

ie of air photographic surveys________._________ ee 

664 

531 P 

Le Pacific Coast, transmission of sound on________ 6233 
IPAge PLOOIs Correcting ea anaes 9138 
Page references in Coast Pilots_______________- 916 
Pantographes eerste ee eee 4853 

345 Descriptions (<p n S cee Bee ee = eke 4853 
219 Formula for setting —— __._____.__*___.___- 4853 
226 IMieGhodvorguse:= ee eee ae ve new een 4853 

RUT DOSCMEeE eee ee ne eee ee 4853 
835 ATE 6 Seen ns Rene he eee oe we ee 4853 
836 Paper, drawing 
270 Aluminum-mounted —— __________________- 7133 
745 IB Oa t=SheCC Ged ee a re ee 3221 
282 Defective —— to be reported_______________- 7113 
413 distortion (see also Distortion) ______________- 7114 
202 Requirements cenenraless= ee ee ee 7113 
400 TEC UISIGIONS =a eee eee ec eee 7117 
400 ROG Cia ee ee ey 7116 
400 Removing —— from roll___________---____- 7116 
417 Sessoningim—— ee oe ee ee a 
400 7 
869 YS Seas aoc SS SSsas aces vasa w SRST aE Se (iii2 
417 SMOGtD=SHCC ian eee ee eee 711 
377 Paper-strip method of transferring details from 
377 Dhotographsy see ee ee ee eee 2394 B (2) 
377 Paper, tracing, (see Tracing paper) 
378 IPADOGWEIE NUS = tee 5 ee hon eee 4835 
703 Lead shot —— advantages___________-_-____- 4835 
318 baracon wana will, Dapelas =a) sae eee 7112 

Paralysis ranges, Dorsey Fathometer No. 3____ 5266 
251 Parkhurst anchor-detaching apparatus. _______ 2834 
626 Passages, spacing sounding lines in__-_________ 3152 
627 Patent log (see Log, ship, taffrail) 
627 Path of sound (see Sound, path of) 
331 Payment for services, not allowed to Federal 

CM PlOVeEes re ey ee ee FL 271 
PD on charts, investigation of_....__._______- 172 

795 Pelorus 

86 alinemient Ee se ee ee ae ea hen su 4: ie 

22 pearings .correchingss ne ee 4434 

Paar 915 

657 

103 

432 

202 

153 

227 
346 
344 



PaaeE 916 

Reference 

Pelorus—C ontinued. No. 
Description ___- =. ia 4 a ee 4434 
installation____- _. 4437 
Radio —— (see Radio direction finder) 
Testing —— alinement_--_---- E ee Aaa 

. ite use 2 if 3361 
Theodolite used as a—— _______-_-_--------- Nee 

with telescopic sight (see Telescopic alidade) 
Pen(s) 

Drafting ——— - .---<_-=- == Sg ee eA 
Drop bow —— ---------- Oi Tee he EVAR AT 
point numbers recommended.___._-_-_____- 725 
Ruling —— ee eee 4842 
Sharpening —— -_-_-------- peat AR 4843 

Pencils 
Drafting ———'- 2. --5---=--5 2 oe eS 724 
Damp weather, grades for use in________- 724 
trades preferred BE eee ee os! 724 
Sharp and hard —— must not be used on 

smioothysheets=. 22 eee See a 731 
Smooth sheets, grades for use on___--______- 724 
Soundings, grade for penciling__--_______- 773 

Recording grad @Ons =a. ae = a 81 
Pennant, commission, display of--_.---_______- 1583 
Personnel, R.A.R. (see R.A.R. personnel) 
Personnel, surveying 

Efficiency Gi—— > = -* == <2 = = 2a skeen _ 142 
names to be entered in Sounding Record____ 8131 
needed for various operations (fable 2)________ 142 
OlavANIOUS SULVOVounLLS ee ee ee 142 

Pettersson chain hydrometer__-__------------- 475 
Pettersson plankton pump-_----_----_-----_-_-- 478 
Phasing mechanism (see under name of specific 

instrument) 
Philippine Islands 

atlas... SS =: Sree eee ee 1672 
Special report of —— geographic names__-__-_- 1672 

Photoclectricspilot-s— see eee eee 4432 
Photoelectric tube, function in Dorsey Fath- 

ometers:— 7-6 ot eee erate ets 5243 
Photogrammetry (see Air photographie sur- 

veying 
Photographic copies of 

field; datas 2) e<5 8 ee ee ee 1311 
survey sheets (see also Photostat; Bromide; 

Ozalid; and Celluloid prints) 
1312 

Distortion ms et ee eee fis 
1314 

Example of proper request for —— _______- 1316 
Requests for —— _-_-___-- £6 SRISt See Dake os 1316 

Photographie detail 
Hydrographic signals located from —— ______ 2394B 
Transferring —— to a map or sheet_________- 2394B (3) 

Photographs 
Aerial —— (see Air photographs) 
for Coast Pilot illustrations________-__-___-_- ee 

ONSULVCURACLIVItlcs sre eee ne nae 
8583 

Submission) 0f——4 ee ee eee 8583 
Title and information for —— _____---------- 1591 
Typesidesinabl@==.- 22 == - 8 een ae ee eee 1591 
with reports, how to submit___---__--_-____- 1591 

Photostats 
Descriptions: Se es 2 oe ee 1312 

FC QUCS (SHO tee ee { ete 

Sizew Gey) Sree ee Ee oe 1312 
Ph ysiesiorSOund 2 255) ee mn 62 
Piano wire (see Wire, ‘sounding, piano) 
Piers 

Enlarged subplans of —— _-__---------------- 7751 
Soundings alongside —— __-__---___-__-_----- 3434 
Showing —— on smooth sheet_---_-------- 7751 

Swinging ship around —— ____-_---_----__-- 4415 
Symbolization of small —— on smooth sheets_ 752 

Piezoelectric phenomenon_-_-_---------_---____- 5161C 
Piezoelectric transmitting and receiving unit(s) 5161C 
Contachiwith water. ee ee 

161 
Deseriptionh Ae Se eee a ee ee 98 

nergy f0n ——— =~ 2 oa a eee 5161C 
frequencies: == = 3-= oe aa oe eee 5161C 
Substances used in —— ______--------------- 5161C 

Pigvotruness=20 =o 2 2 eae ee 4764 
‘Assemblycot Parts» 22 ee ee 4764 
Depthrat whichiused 2222-22, ane eee 4764 
Description ee ee a ee eee 4764 
GIMCNHSIONS# =< ons =e eee oe ee ee 4764 

Piling, subsurface, to be reported by Coast 
PilGureviSels = tone ee eee 9133a 

Pilothouse of a survey ship__-__--------------- 4111 
Survey activities conducted in —— ________- 4111 
Survey equipment installed in —— ________- 4111 

Pilots to be consulted about shoals_--__-------- 3622 

INDEX 

Reference 
Page No. Page 

345 Pinnacle rocks, submerged 
346 Definition_-_ E : ; raat _ 1682e 55 

found by wire drag. ! sito i 391 307 
346 likely near rugged land _----_-_--.---_- --.. 355 273 
227 Pipe sounding lead_ : 4662 397 
345 Place names (see Geographic names) 

Plane coordinate(s) 
adjusted for curvature. ___- 5 ; _. 7328 673 

432 Control buoy positions by —— _______- _ 9442 864 
432 State —— systems-___..--__--------~--==- --- 7328 673 
665 Surveys on ——, coordination requinanies _ 7328 673 
432 Types of —— Bee eee ee 7328 673 
432 Unadjusted for curvature 7328 673 

Plane of reference (see Sounding datum and Ver- 
664 tical datum) 
664 Planetable 
664 surveys (see also Topographic surveys) 

No notes nor recorded measurements _- 5 2513 89 
666 Progress of —— _____--------- Ca 231 89 
664 traverse(s) : 
722 accuracy requirements_______________- 222 232(E) 90 
755 adjustments 42222. Soe eee - 232 90 
44 Descriptive Report requirements __________- 232 90 

Rerunning ——, requirements_________-____- 244 105 
Planets, daytime observations of ______________ 3387C 249 

31 Planimetric map(s) (see also Air photographie 
759 SULVCYS) 22. 223 ee ee 2392 100 
28 Description’ 2222 os ea eee 2392 100 
29 Hydrographic stations located from —— 

411 Getailsss' L222 eee 23944 102 
418 used as hydrographic sheets_-__-_-__-_-------- 2392 100 

used in locating landmarks__________---_--_- 155 41 
Plankton, instruments for collecting _-_______- 478 417 
Planning in advance of surveys._-______-__-_-- 18 15 

53 Plans, enlarged (see Subplans) 
53 Plateau, submarine, definition _______________- 1681c 54 

343 Plotter, smooth-sheet 
Colored pencil used in Sounding Record____- 7624 700 

476 Familiarity with field methods___-__________ 76 697 
initials: in’ erocessine”” Stamp l_- > 2 aa 773 722 
initials in Sounding Record __________--____- 76 698 
initials on’smoothisheet.oo22 2 = eee 7916 749 

16 Protracting procedure followed by —— ____-- 7632 700 
Plotting (see also Smooth-sheet plotting) 
astronomic: positions: a a 764 708 

16 by.dms. angdps.2 3 eee 7411 684 — 
16 control stations (see also Control stations, - 
17 plotting). =. eee ey (| 683 
17 hy drosraphic Positions. === e eee 76 697 
17 R. A. R. (see R. A. R. positions, plotting) 

Split fixest-c.. -- ee eee 3335 219 
102 turns/of large vessels!-- =.=") = _-- eee 3463 265 
103 with a three-arm protractor___________------- 4534 375 

Plotting sheets, auxiliary (see also Aluminum 
sheets)... oo. oe oe 713 660 — 

46 Uses 0 ——_-. =. ie eee 713 660 
833 Plumb point of air photographs_------------_- 2391 98 
46 Point (tland) definition. == aa 16825 55 

806 Pole, sounding (see Sounding pole) 
806 Polyconic projection (see Projection, polyconic) 
46 Polyconic Projection Tables_____----=------__- 7321 667 

46 Portable depth recorder (see 808 Fathometer and 
46 Fathogram) ‘ 
16 Port information in Coast Pilots____-_________- 916 836 
16 Portolan charts, description of-_______-__--___- lll 2 
17 Port Series of U. S. Engineers_---------------- 916 837 

16 Position(s) 
557 Detached —— (see Detached positions) 

Fixed —— (see Fix; Position, hydrographic; 
He NARS positions; and Three-point 

728 ae 
258 Geographic —— 
7 at beginning of sounding line__________-__- 76 697 
338 determined by sextant cuts, plotting on 
693 smooth'sheeteee- = ee eee 769 *714 
450 in Coasi, Pilotse 2 eee 916 834 
450 Plotting —— by dms. and dps____________- 7411 684 
451 Plotting —— with Taine and longitude 
450 SCales ean ee ee 4822 424 

450 Scaling —— with latitude and longitude 

451 Scales... 222 3") 3 eee 4822 424 
451 Scaling —— with Lockerbie scale______-_-- 4823 425 
450 Hydrographic —— (see also Fix and Three- 
415 point fix) 

a Bearings and distances, —— by-_-_-------- pee ae 

415 Beginning of sounding line, geographic posi- 
415 TIOTNOL: eet oe ee ee 76 697 

Connecting —— on boat sheets. __-_--_---- 3252 210 
814 Connecting —— on smooth sheet -_-------- 7682 713 
315 724 664 
315 Pencil grade to be used ___-_------------- 731 666 
315 7682 713 
278 Vessel’s track to be followed__---_------- 7682 713 



Position(s)—Continued. Reference 
Hydrographic—Continued. No. 
data 

recorded horizontally_____--_-------- S17: 
Recording —— in Sounding Record __ 8146 

data, miscellaneous 
Numbering —— _________--------- weet 8146 
Plotting —— on smooth sheet__-_-__- == 7434) 

data, supplemental 
Recording —— in Sounding Record _____ 8146 

differing on two overlapping surveys- ----- 361(h) 
errors discovered during smooth plotting. 774 
CEEOL | Uy pical ae eer or eee eee SS 

a ) 
BStimatedte— = a at deg ne tee 

TO Oe —— SB ee ee 763 
transferred from boat sheet ‘to smooth 

SUSG1) = = eae ee ee 7672 
EVEXCLI] eee ener es SILER et Pe 33 
AxinoRrODeraulons Of. see. 2 2e5 ese =-=2 Sees 344 
PLR EVO (UE CETOU ON = 3313 

Dead reckoning yen 
8 IE Se ae 3381 

BGhosoundinges ies 2 ee Eyaols 
Handlead sounding _-______ Rost Jee _. Spi 

Interval uniformity desirable -.-_______- ean 

RAMS SUTVEYS: —---- 222242. -- Z 3313 
Requirements, general. --_--_-____. _- _ 3313 
Wire soundings _______- se OEE: _ 3313 

Identifying ——-__ __---___- eee ae -= SBil 
on smooth sheet_____ open 8 po tels eS 

Incompletely fixed —— ____- Se REE AE RSE SSN 
hal tne ee _. 768 

Inshore ends of sounding lines, —— at____- (eiel 
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IN G60 fO Gime oa == toe See 6815 639 Strays (see Chronograph tapes, strays, and 
Recording not required ee ee _ 6815 639 Radio in R. A. R., interference) 

Velocity of sound, erroneous, effect on —— _ 7636c 707 symbolization.________ == eA 743(e) 688 
When required __ Bay bn cinreeys geen, Sree aes (b), Types oft 8 See ie ee __ 64 595 

637 Supplemental position data recorded in 
Practical use:of —— _..___._._..-.--- Pn aig 557 Sounding Record ______-______- 3. oie BIG 765 
Prolraclor OU esse yess seen ee __. 4537 377 survey (s) 
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Plotting R. A. R. distances with —— _____ 4537 377 Valse ou Naar ete a 778 
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Plotting R. A. R. distances with ——_____ 4538 378 Reports. 5.22 52. a ee 842k 789 

radio receivers (see Radioin R. A. R., receiv- Hixine POSMmMONS ab LS == ==. a 3312(c) 213 
ers) Offshore —— referenced to submarine relief 

radio signal, identifying on chronograph tape_ 6851 651 OfspreVi0US.SUEVEYS2=- 2 eee 2536 127 
radio technician (see Radioin R. A. R., tech- Plotting methods described in Descriptive 

4 nigiaus) Report. 3 -=- 22-22. "=> foes a eee 842] 788 
scaleditime; definitions 25. 25. __ 6853(c) 653 = 3313 214 
sheets, projections for... === cated 675 Position frequency Sa Ee Se ee {éa12 637 
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nti pean on ay ee aera sen Toy meer Sounding crossings, tabulation required. (77733 
INiattire ole = = aes ee wee PR 6853(d) 653 Sounding lines in ——, following proposed_ 3462 264 
table; samplenaule;e2) a = ans eae eee 6853(d) 653 Statisticgzes t— &: 3) 4-3 eee 8311 778 

smooth sheets (see also R. A. R. distance cir- Two vessels used, only one pele equipped 
Cles) MeraMiet ress 28 8 = ee eae yy eee eee 7341 675 LOTertepAuae , SPREE TE 231 

Analyzing position data___________________ 7635 706 Velocity of sound TeCOTdS!s cy Aetna 8333 782 
Inking positions on —— _-- 7634 707 heoryiofi— os eed eee ne ee 612 556 
Protection during plotting _.______________ 761 698 time intervals, terminology._______________ __ 6853 653 
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Spacing soundings on ——________________ 7722 719 Velocity of sound (see also Velocity of sound 
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Automatic key no longer used___________ 6852 651 USC... eee EP ee a ee 4824 426 
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Sign alttonelusedasse =e as eee ea aE 6852 651 broadeastronmrequest_- = = ae ee 4442 347 
Successive time intervals used___________ 6852 652 identification? ==—. 4-4, Sfp. a. 5 = EA ee 4443(a) 348 

Locating —— by short R. A. R. distances Radio bearings! to —— ===) -2 5) _ 4443(a) 348 
from three-point sextant fixes. _____ 2534 123 Radio (in R. A. R.) 

names frequencies? = <2 <aetvs: — 2 - == = Sopa 6441 599 
Entering —— in Bomb Record__________ 83lle 777 Authorize! —— = ste ot ae es oe 6442 600 
Hydrophone having been moved _________ 2157 66 Best —— _________- iy -pepstl: eee ere. 6441 600 
Toengthyof ——— ys Ss oe ee tae eh 2151 64 Effect onirecephionteee. = =a sa8a eee _ 6441 599 
on sono-radio buoy structures____________ 2814 165 Selectiontol —— 2 - - saceee ___. 6442 600 
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GaSe Se Sree eh oa $ So Cae tee 2572 142 interierence ol oe oe ee ee 6441 600 
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Booster, amplifying, at ——-_.___________ 2614 150 Técelivers: 2. == ase eskeee te Re ee 6722 630 
Cable laying at ——___.- ee 26180 149 Circuit requirements_____-_-___- ett dees 6722 630 
Cable used at ——_______________ ba JQGIS 149 Dialicalibrationa=— 22-2225 x, ee ae 6722 630 

Specifications#: aes eee. ae hee 2613 149 WEQUenCIES Re = ee ee aes 2 6722 630 
Circuits, special, electric, at ——, ad- Gain-control requirements ----_______ = 96722, 630 

VADtAgeS see se ed deel 2614 150 Impedance of outputa= === == a eee 6722 630 
Disadvantacese = 2 ee 641 596 Manufacturers of ——_.- t A 6722 630 
elecinicequipment--_s==a seen gee 2614 150 Requirements = 295-93 eee ele SE 6722 630 
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Operative” aa28 seis ALS Sa ae 2614 150 Identification of ——in R. A. R. (see also 
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IVER Ol = Sa Se ee een ee 6441 
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ISSIR NEE) CG yAD eh Se ee Le re: 3848 
Radiophone(s) 
CST AN COANE Chaemeete rer Sn Se ae ee 422 
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Railroad car couplers (see Car couplers, railroad) 

Range of sound transmission (see Sound trans- 
mission range) 

TAME CNN ON (S) Bese = oe eee 455 
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INET MOCNOMUISe === Tees 8 8 See ee 455 
Wsenntbuoyslocation 22... 2-5- ease 2531 
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ROOUR OI See a ee ee 3366 
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Git. MRS eS ee eee ete 2394B (4) 
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Drift soundings, using —— ________-__-_____ 3664 
Floating marks used for —— _ 
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for use in determining compass deviation _ 356 
for use in testing compasses, report on ——_ 857 
recommended for navigation --____-_______ 356 

reported in Descriptive Report...._____- 8420 
Selecting range marks__________________ _ 356 
Symbolization on smooth sheet_-________ 7845 

Navigation —— 
AVA LINII UD SO fj ee Se 3833 

Descriptive Report requirements______ __ 842P 
determined by hydrographer___________- 7845 
determined by three-point fix....________ 3833 
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Coast Pilot requirements: = 916 
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from ship beyond two buoys_____________- 2533 
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IDULONS eee eee a te ee eee 2531 

Shoal development using —— _______________ 3662 

Sounding lines following —— _____________- x Eye 

Alternate method of numbering positions _ 3312 
Sounding lines, parallel, following —— _____ 3141 

Finding ranges by sextant________._______- 3453 
Sounding lines, radiating, following —— ____ 3142 

Rarefactions in acoustic medium___--- =| 621 

Receiving units, acoustic (see a/so Magnetostric- 
tive; Piezoelectric; Transmitting and 
receiving unit; and under name of 
specincdinstrument) ies ee 5162 

DOSCKUDTIOTIM ee See eae 8 5162 
Frequency discrimination of —— _________- 5162 
UTC TON eee ee ee 511 
PUT OSCaen es prem ee ee 5162 

5162 
Types. _-----------------_------~------------ (rable 12 

Reconnaissance 
General —— for planning project____ ___ 141 
BULVEVAOOHNION Sassen ee 394 
Mrianoulation:— - — ee 222 
Requirements ssss5_ 4 ---- “SM OS Tn 223 
Use of air photographs in —— ___- 2221 
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instrument) 

Recorder, hydrographic survey 

: 3414 
IDLOCRES SES: | LN OS ee oe ae eeeeeerl er a! { 811 

RAD Eee AG Ry SUIDVOYS te ae a a re 6714 
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M9 ) ts ee ieee 5164 453 Outline to be followed__.___-______________ 9348 
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Deficiencies explained___________________ 835 784 Hydrographic and topographic survey data 
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Reversing frame, thermometer____._.____________ 472 404 TOCALIOHS ROC UITCd = ete ee ee ee 364 
Assembly of parts reece See 4721 405 Symbolizavion = peare 
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Descriptiont 2) 26s en 4721 405 Symbolization_-------.--------------------- {$3340 
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Routes (see Sailing directions) 
Royal National Lifeboat Institution__________- 1582 
Rubber stamps 

for use in Sounding Record_-_-.--_------.---- 81 
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recommended in Descriptive Report_---__-- 8420 
Recommended —— verified by sounding ___ 912 
UOTOROT CIN Qi > ns ee ee ee Ee 916 

Regional —— described in Chapter 3, Coast Pe 
Petpet ree oe SS SE SL ee ate 

Regional aan in Chapter 3, Coastf9135B(3) 
Pi) 0 pe ee ee ee a 916 

ap larim———-s example: _- 9-- ==. es fe 9135. B(3) 
Sailing lines, surveyed and described _______. _- 356 
Sailing lines, symbolization on smooth sheet __ 7845 
Salinity of sea water (see also Specific gravity 

of sea water, and Temperature, sea 
WiGLeL) es £4 ee Ss RE 633 

corrections to velocity of sound (table 33) _____ 9611 
curves for velocity corrections_-______-_-__-__ 5612 

Horn) for plotting; —— . . J. ----=- 222-2 = 5611 
WDE MIGIO nee ee cs ae ee Cel Ee 633 

detenminations7 eee ss bet sae ae ee \ea31 

Chemical-titration method __._------------- 6331 

Frequency requirements. -..-------------- Nena 

Horizontal distribution 
ERyGrometemimephodse-2s- 2-555 eee 
ENCGOVGE AC) Ce A ae 
Worrectionsimequined ass) seas a sen ane ae 
AIS OETTIS MISO Sao so Se ek, Se 

Hydrostatic weighing method ______._____- 475 
Miscellaneous methods---_-_-___-_---------- 6331 
PEGG UIT Slane ever eed Se De he a SS 5612 
Recordimequinedesseamssase. 2-2) Ste Nee 8331 
Menticalidistributiones 2-22-2224 252 "= 2 _ 6332 

Distribution of ——, vertical__.______________ 633 
Factors\afiectingim——"5 25-2008 eee et 633 
POMOC TAD LS ee eee eee othe Ese ripe SSE 

IN CCULEC NAO tients mee ee ie Eee 6331 
ALOMtAblespMSwe NOs 1L9Gne oe eee ee 6331 
graphs (see also Temperature (sea water) 

(his) A eee 
)GatctaQoyn's\—— | Ee eee Se ee 633 
observations (see Temperature (sea water) 

serial observations) 
Plottingi—— fOnM! WSed— se = ee 5611 
Rainfall effect on —— ___________-_-__------_- 633 
MG COT Creat yet ee = Beh ae me 1S Hed Dg ete 6331 
TECOrdedlOMpHOrMyliees ea eo Se 6341 
Relationship to 

@hionimitya(Gormiia) ee 633 
Colo ate 2 ee ee ee 561 
SNUG ISAlLICONteH baa ee en ae eh 633 

INDEX 

Reference 

Page | Salinity of sea water—Continued. No. 
281 IRiveriemect: ome ee ee SS ees 633 
737 SULLACE merww tn ee te Rs Pte - Spline i _ Noe 633 

Syanboliza tones estes en a 633 
738 Temperature effect on ——__________________ 633 

Term used in C. & G. Survey_---------____- 633 
855 5612 

Velocity of sound, effect of —— on _________- 623 
281 63 
202 Samples, bottom (see Bottom characteristics) 
734 Sand 
737 banks 
277 Developmen tess saet nee ne es Seas 367 

Spacing sounding lines in vicinity of ——__ 3151 
44 beaches, inshore sounding along__-__-------- 3122 

Bottom specimen —— 
757 @laSsificatione ees wae eae hea a eee oe 3845 
871 AD eC rehsta) (0) 12. oe ae ee eee 3845 

Sash cord (see Leadline material) 
Sawdust, not to be used in packing instruments. 434 
Beale (S) eee eee ae ee RS Be 2s hae 182 

838 Chronograph —— (see Chronograph scale) 
432 Depth —, echo-sounding (see under name of 
432 specific instrument) 
55 Draft (internal) gage —— ______-------------- 5511 

igh Gh=Me tele se ne ss ee ee 4821 
310 equivalents for laying out sheets (table 1) -___- 1361 
309 Hydrographic survey —— 
310 Authorization for large —— ___---_-_------ 1214(b) 
309 compared with chart scale.__________-_-_-- 123 
310 Determination of —— _.._____--__________- 123 
310 Large ——, where used______-------------- 123 
309 Offshore een pe = ee ey eae 123 

Latitude and longitude —— _______-_____---- 4822 
Accuracy attained with —— _____-_--__-_-- 4822 

Description ok sae ee ee (aie 
648 43 Method otuse=22e= = =) 32s5-= ose. eee 4822 
263 Purposes seca aad fad os cee setae ae 4822 

Scales and graduations-_-_--_-.-------------- 4822 
828 Useainiplottinge == = 2-2 2 ee A 7412 
825 Lockerbie diagonal —— (see Lockerbie scale) 
830 Log-factor —— (see Log-factor scale) 
830 Map —— and equivalents (Gable0) = 963 
739 IMapi——- definition 2: 2025) seen 123 
809 Meter —— (see also Meter bar) 
830 Testing —— before use__-_._--_------------ 7322 
817 @uwarter-meter—— = =-* == = =e 4821 
830 R.A.R. plotting——(see R.A.R. plotting scale) 
838 Special purpose —— for reproduction at Wash- 
817 Ine tONE Of Comes eee ee ASL 
830 Speed ——, graphic (see Speed scales, graphic) 
818 Survey —— 
274 How, determined sas. sss sen eens === 123 
749 related to adequacy of survey_------------- 35 

Where —— should be larger__-___------_-- 35 
Velocity of sound —— (see R. A. R. velocity 

583 scale) ft 
872 Scaled time, R. A. R., definition. _.-.._------- 6853 (c) 
530 Scaling chronograph tapes pipe soet atk Le ee 6853 
599 S.C. A. M., echo-sounding instruments manu- 
583 factured lie ee ee 531 
410 BCs AnMrs Touliyeeee se oe 3 oe eee yee NES eee 5314 
584 SCatteninexotmsOUn Cisse 6233 
586 Schemes of buoy control (see Buoy-control 
530 schemes, and Buoys, control) 

586 | Scope of buoy anchor cable (see Buoys, survey, 
586 anchor scope) 

bate Sea and port term definitions, where found __- {oir 

584 Sea bottom as a reflector of sound__--___-_____- 511 
584 Seamanship 
411 books sreference: (Uist) ma oe ee _ OES) 
586 LAChi Ce hihaa ee oe ee eee 158 
530 Small-boat landings, —— in making-___-___- 1582 
782 Study: Oft———_/ == 3 2 eee 158 
586 Treatises on ——, study of___--_----___-_-_--- 1582 
584 Seamount, definition ss. son ee a 1681c 

ee Seaplane landing areas____- 2 Shee eae. Bie $5 2 (ore 

584 Sea sled, description and use__----------------- 4249 
584 Seasonal’reports required 22-22-22 a= ae 8351F 

Sedsonisireponth= 2 0- eee. ea ee ese 8515 
586 Whronology/es.tete: - == ato eee ee 156 
584 Contentiieesute 2d. Se ee ee 8515 

Wihen' required’: {2-22.22 sae eee 8515 
Seavalley sdefinition®ss:=: 5-2..* 26- ae 1682d 

529 Sea water 
584 Compositionol —$"_ eee 633 
584 Uniformityein\——<.2-. 22. 5. eee ae 633 
587 pressure (see Pressure of sea water) 

salinity (see Salinity of sea water) 
583 Samples; Obsainin pf. 5 eae ee 474 
528 Samples#preservablon: 25. 52s eae = n= 4753 
583 Sound transmission, —— a medium for------ 621 
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Reference : Sextant(s)—Continued. 
Sea water—Continued. No. Page angle(s)—continued. Reference 

Specific gravity of —— (see also Salinity of sea Vertical—Continued. No. Page 
water and Specific gravity of sea Marking —— when sextant is vertical... 4524 370 
WiBbOn)) eases ie esceaee _.. 4753 412 Measuring —— __________- ai ented A: NG 4524 370 

Suspended particles i in—, effect on veloc ity are; Cleanings 25 So. ee ae ee 4313 332 
ofisound-.2.~ 2... Seas 63 574 Astronomic —— (see Sextant, HEMIEEHEE) 

temperature (see Temperature, sea water) Calibrationeesee = a ee ..-. 4518 367 
thermographeee=--- = se seee _.. 478 AIT Celestial objects, finding in ——_____________ 4524 371 
turbulence, effect on sound transmission ____ 623 567 Descriptions generalio2s 22 ee 451 361 
Velocity of sound in —— (see Velocity of sound) Distances by —— (see Sextometer, and Verti- 

Secondary submarine features, terminology ___ 1682d, e 55 cal angles) 
Sediments, sea bottom (see also Silted areas) distances, formula for correction of-._..._____ 2382 97 

Classification. es eee : _.. 3845 304 €ccentricitiyierror, 0 - oe ee eee _..--- 4515(b) 365 
Classification by size_ ’ ___.. 3845 304 CLIOMS ste ese = ee ee Sse Ales 4515 365 

Descriptive Report requirements. BE Centar ae ae ae Adjustable au See 323, Se os 265 
. a ) Unadjustable —— _________________. - 2b Aaa 365 

illustrated on fathogram_____ tne 117 545 fix (see Three-point fix) 

om cre ee 3848 306 Flashlight, —— read by__-___--___-_____- _. 4525 372 
Ocean basin —— --.--.---------------------- ize 413 Cra UaAtONerrOrses eee ee 4515(a) 365 

Semiannual report required___-__--__-__--__- 8516 796 Hydrographic —— : 
Semiportable installation of echo-sounding in- adjusted and verified daily... -__.-_______ 4517 367 

SUUIMMCIICS ease ee ean - 544 505 = Descriptions cenersd] ess sean sens aaa 4513 363 
Separation of echo-sounding acoustic units MIM ENSIONSE ss Sk es ee eee Sees 363 
Compensating for —— by changes in depth not tested before issue________________- _ 4515 365 

seale SSS eee ee 556 52é Illumination for night use, —— equipped 
Definitions see suo ee 556 524 Wiltee 2 Fen Seen eee _ 4525 371 
Echo soundings corrected for —— (formula) “(53 oo in exrerromees. 226s e le eee eee 4517 366 
es F ff 508 determination, methods of-...------_______ 4517 367 

Echo soundings, effect on-------.-------=--- \556 524 mirrors (see also MEEORS) tet 4514 364 
NPT OR IN 2 i a ee en eee 556 525 Adjusting —— __ Bs tno ee ee 366 
Index adjustments, effect of —— on_-_--- _... 556 526 Description, qmail _.. 4514 364 
Transceiver has no —— __________-________-- 556 525 Class — i 
Transmitted signal, effect on_-_-__--___--__- 556 524 Cleaning —— after use. === sé Ta 364 
Transmitted signal, example of effect on_____ 556 525 Disadvantages" 2- os aS Sipe een 4514a 364 

Serial temperatures (see also Temperature (sea \ Brismatictenton nl —— see ee ee 4514a 364 
water) serial) Round —-, British type.__...__________ 45l4a 364 

Definitjioneeese. et ee ee eee 6321 579 Ren oe 4514a 364 
Horn folplothingj————> ss seen ees 5611 529 Specifications __-___-__------------_-_-.- (ae15(c) 365 

Sets, lettering, mechanical.____________________ ea at Horizon —— ___.-------------------------- we ae 

Settlement. defimitioness= sss. 2 es ee 553 513 Adjusting —— --------2.--+--------- = (ait 366 
Settlement and squat-..__________ oI vests GAY 553 513 NO. <>. ec setae Ve este se seeeestbes: 4514 364 
adjusimentae es eRe ais 22h 507 ACG US C1 2e 4516 366 

ate time ofibar check 12.l eae). elites Dt 526 Sizes differ for navigating and hydro- eG 
Onis 2;Hathome teresa anaes anne e enna 5543 517 Panhiccortaate { 5 363 

determinatinn, 0 1. Sak Vile ones 553 513 tenet sexta ts oe ea ee 364 
lon Soenobbas mee RES 514 Stellite ——, advantages. —---__-_-__ "= _ = 45145 365 
Wilt hile lier cinco clang eee _ 553 514 Navigating —— 

determined for each survey vessel = 553 513 CONS UAUNS 3 yee ee eee 2382 97 
LOEVGrorr chitaenbays—— ee 553 513 DM EScripLiOMseerie reall eee eee ae ee 4512 362 
ipa eae ee ee ne” Ce nce 553 513 IDIM@NnSiONS Hs ons see 4512 362 
Index adjustment. for — _ ee ___ 553 513 shade glasses aan alt 

Effect on soundings not underway__-_____- 553 513 Nrrors C: — { ORL + 
IN Grcrantipiele(@ie— Le 553 513 oe caused by —— ------.--------__- 4515(c) 365 

ae Mestin giase—n (= 5 se eee 4515 365 
Sextant(s) Te 

adjustments 4516 | Re conan ie ‘33 365 
angle(s) (see also Cuts, sextant, and Three- ae used for astronomic observations __________ 3384 240 

point fix) _________._-_._--_---.--.-- 452 368 180° angles, —— for 4523 370 
Calling’ ——out plainly= 22" 392 4623 386 Oniei EEA “Var Son aa ee 4524 370 
Control buoys located by ——, precautions eu us RAS So eae aoe F 

required 251 111 Eringinles Of —— -------------------2-2----- fea ou 
ASCE SE Aap os Se Se Cee USUI og oe te ee a RO 37 

eos pre eee ceseant errors, and Sound- Shade for observing SUNIGInEC tse 4526 372 

from rolling and pitching vessel___________ 4521 369 Surveying — (see Sextant, hydrographic) - 

Elorizontali=——= 9s" ae n ue Petey ee 4521 368 telescope Ate) gar akignee = en nae 
between buoys out of sight of land_______ 4522 369 SUNOCO NS CLO, Sy SOLIS ENe = 
Noting compass azimuth of one buoy__ 4522 370 _ curately focused for__—-____________. 4524 371 

between faint objects "4522 369 A ue in HieasHEing horizontal angles________ 4521 368 
: : Sats lea are a ye elescope, binocular 

Pe ee ee ssa seins = rece aS advantageous in astronomic observation___ 3387A 248 
Finding —— in a sextant.___-__-___ | __ 4522 369 magnification Sy Poo aeeEE GET T= TaD 4512 363 
Large —— divided between two obsery- No adjustment for —— - -_____ Scie ie ag 4515 366 

ee EU IE TOT eae ih Lea E 4523 370 Test for eccentricity and graduation errors. 4518 367 

Large ——, measuring--.._____-- == 4523 370 Theory of —— ------.-.--------------------- 4511 362 
Measuring —— 4521 368 triangulation : 

“Misses”, —— reported as_..._.._....... 4522 370 Control buoys anchored to form triangles, 
span aa Nagra sre oe ay a ee 55 on located iby —-- = seat 2554 136 Upside down, sextant held__._-__________ 4522 369 } 

; 5 : Control buoys, line of, located by —— ____ 2553 134 Inclined —— (see Inclined sextant angles) 1 
Range, two objectson__..........___.___.- 2513 114 Control in unimportant waterways located é iE 

Reading ——at might eae seen 4525 371 y - LiGiid Obeaew atone Cae. 2462 107 
Repeating important ——____.___._______. 251 1 Use (see also Astronomic observations; Cuts, 
anal sextant; Horizontal control; Sextant 

F 2382 96 angles; Three-point fix; and V ertical 
CIRO TSE Rh 58 Baa Ron oe eee { ‘ angles) ance eee ete ee eee 451 361 4515 366 Ors, tpie eae 1 = 
Index error eliminated from —— ________ 4517 367 verified at end of day’s work_______________ - 816 767 

Sun azimuths, measuring__________________ 4526 372 Sextometer 
Sun, use of shade glasses.__________.____/_! 4524 371 Description oe es 8 no eee 2382 97 
Th} os wa 2511 112 istances 
Third —— required at detached positions {7% 711 Conversion table for——_________________ 2382 98 

Verifying sextant reading._--._._..._______ 4521 369 Formula for computing —— —__-__________ 2382 97 
Vertlons —— (see also Stars, finding in sex- Formula for correction to——_-- == 2382 97 

ee eas SLL k Ae ak Ps 4 370 Sextant triangulation combined with ——_ 2462 108 
Celestial body with appreciable dia- ° method 

meter: sews = La eee 4 ee eee 4524 371 IDeSCr pl OMES-s., 9.352 eee ee 2382 97 
Ensuring the verticality of —— 4524 370 Wihereauthorizeds:)= 4-2) 25-5. soe 2382 96 



Reference 
No. 

Shade glasses, sextant (see Sextants, navi- 
gating shade glasses) 

Shallow depths, sounding with pole________- 461 
Sheave factor (see Registering sheave) 
Sheave, registering (see Registering sheave) 
Sheet (s) 
Aluminum —— (see Aluminum sheets) 
Boat —— (see Boat sheet) 
“Circle’? —— (see also ‘‘Cirele”’ sheets)______ 37 
Hydrographic —— (see Boat sheet, Hydro- 

graphic sheet, and Smooth sheet) 
ave yc 22 Ne: SE eee 8413 
PO VOUS ees a dS Rk Sees ee 1361 

Considerations required in making —— ____ 1361 
IMEG ott as SaaS Te te oe a 1361 
Progress sketch, —— included on_ Bee byl 
Mabletoruseinw—__»= = 2- seen 22 1361 
Washington Office, —— made in. ____- 1365 

Plotting ——, auxiliary _ Wies 713 
Smooth —— (see Smooth sheet) — 

Ship (see a/so Vessel) 
Control station, —— used as a floating: BSS 
equipment for handling buoys_- Be AEE hs 
hydrography, personne! needed for. & 142 
intersection method of locating ‘control 

SCAUIONSS-ia- 2-1 =. Bee ORD, 
maneuvers. 

Buoy, approaching an anchored___-- = 285 
Buoys, anchoring and weighing. —__ sep 285 
IBUOYS smMooring 45 ss5—— ee ee e285 
Buoy, — alongside a_____________________ 2512 
Serial temperatures, —— while observing _ 6321 
Sounding, —— during_____________________ 346 
S-turn to get on sounding line____-_________ 3464 

Taut-wire measurements__________________ ane 

Turns between closely spaced lines________ 3454 
Two sounding vessels on parallel lines at 

UM Ai Soe bs ee a eee 3366 
Wire soundings, —— while taking_________ 3422 

Gis. 224 3) 7 ee ee eee 4114 
position determined in R. A. R______________ 61 
RISKS LUSsunVevine SHOaIS== 25" saueee ee arene 361 
stations, R. A. R. (see R. A. R. stations, ship) 
Survey —— 
lone (you e 2 See eee ee 4111 
Description, ceneralu-=) sate ees 411 
drafting room________ ee ee) oe ee 4113 
(Nias. 3 eee eee ee 4114 
DilOtHOUSCS Sse = oe es Fe 4111 
PACIOMOGOMES.. <2 2 ee A Se ce: 4112 

swing 
Pier, —— alongside a_____________-________- 4415 
Precautions when making ——____________ 4415 
Procedureifor—— _.._-=-=----.. 26s __ 4414 
Radio direction finder, —— to calibrate___ 4442 
Wihenireqduined = 2252-5 93a s Baa eS 4415 

Ship’s run correction (see R. A. R. ship’s run 
correction) 

Ships, survey, of the Coast and Geodetic 
SUTVGV ie 2 po 41 

Cruising radius’ of ——__- _-_ ____ 22 sa 41 
Dimensions and particulars (fables)______ ____ 41 
vel Capacity, Oft———2 1. 552) = ee See 41 

Shipments, mail, weight limitations__________. 836 
Shoal(s) (see also Dangers to navigation, and 

Least depths) 

areas 
Detached —— 

Radiating sounding lines on ——________ 3142 
Sounding lines referred to buoy on —— __ 3142 
Sounding-line systems for —— _________- 31414 

Extensive —— 
Development of ——____________________ 367 
Least depths on —, determination of__ 367 
surveyed at high Beets Ay ee SON arias 3661 
wire-dragged to prove them clear_______- 3663 

Offshore ——, development of_____________ 368 
Unsoundable —— 
Depth estimated on —— ______--_-_-_____ 3255 

SVMDOMZaL ON seem ee ee ee es ete 

bare at sounding datum, limits shown on 
Smoothishectssaes ee oe 7862 

Bottom characteristics on each —— _________ 366 
Changes in —— due to waves and currents__ 355 
Coast Pilot requirements_________._-__-___-- 916 
Currents, varying, in vicinity of —— ___.___- 3464 
Danger in surveying —— ___________________ 361 

Definition tees ees ee ee ine 

Descriptive Report requirements___________- 842N 
detected visually from elevated positions__._ 3465 
Discovered ——, all to be investigated during 

SEASON Seaeer em ne eian oS) Sle ee cee 366 

INDEX 

Reference 

Page | ghoal(s)—Continued. No. 
Evidencevoftm——_ - . ee 88 bee soeeye pe 362 
Examinsiion Ofi—— 2 2 366 

383 Shoal data required in Sounding Record __ poe 
Sounding Record requirements__________ __ 366 
Time used on each —— in Sounding Rec- 

ONCE es See 815(k) 
Fathograms, —— on 
IMdentifvinyi— 28 2 2 ee 571e, f 

286 Indications true and false, illustrated _____ fig. 118 
Investigating indications. _____._____-.____ 57le 

indications 
787 Boat sheet, —— noted on, for further See 
23 amination== =. 95-25 sseee Pee a Se 362 
23 Examination of —— kept current__________ 366 
23 Fathogram ——, investigating._...________ 571le 
794 from systematic sounding lines____________ 3621 
25 in less than 10 fathoms to be examined_____ 3621(a) 
26 rising 10 percent of the depth, to be ex- 

660 ITA tees Se Sra ee OS 3621(5) 
Sounding-line system to give ——_________ 3154 

Isolated ——, surveying using one buoy as 
230 COMbTON RA et = i rita icoye are Pee J sain 
183 Leadsman, —— seen by____.-_-_----_-_-_ _ 3416 
29 Low tide, seeking —— at____________________ 3661 

Marker buoys, use on —— __--- _ 3665 
85 Prior surveys —— on, to be verified____- _ 3234 

Reported —— 

1 Investigation of —— __ ---- {ee 

186 Report required _____ Sse ee es A ILA 
113 Trustworthiness of report_ eee an ae 172 
579 Size to pemecordeda.]- 222 eee es eee 3666(d) 
263 surveyed by closely spaced sounding lines____ 3662 
267 Uncharted —— (see also Shoals, reported) _ = Bhi) 
121 Visibility of bottom to be noted_____________ 3666(c) 
357 water 
263 Depth units to be used in —— __----- 3112 

Sounding instruments to be used in —— __ 3113 
232 Sounding methods to be used in ——______ 3113 
256 Shoal-water buoy 
318 DeSCriptlone ee ee ee oe ee ee ee 2823 
555 GIMeNSIONSH= - 2 ee ee ee ee ae 2823 
276 Shock excitation of magnetostrictive transmit- 

tingin its 2s eae ee ee eee 5161B 
Shore 

314 Coast Pilot requirements pA ete Sek ee 916 ; 

ae De fimitioneee a5 = hee eer he lanes } 

oe Spacing requirements for sounding lines near 
5 pS ee seh ea ee ee ed 3 

316 Shoreline (see olso High-water line) 
Boatisheetss——iones - 2 -- e  e 3232 

338 Chart and survey ——, definition___________- 752 
338 Curved ——, radiating sounding lines off____ 3142 
337 IDYesibaviR oye = SASS Ae ee i a eee ee aoe a 16826 
347 Distances to —— from triangulation stations_ 227 
338 Hydrographer’s determination of —— __.____ 381 

Inking —— on smooth sheet___________-______ 752 
revised by hydrographer___-______-_________- 3811 

311 fohyroel nyo) byArym hoya - Seve kB ee ee 

311 SKC UCH CG lees es ae ee eer ee ee 3812 
312 Methods of determination_________________ 3812 
311 Symbolization on boat sheet___--__________ 3812 
785 Symbolization on smooth sheet____________ 753 

to complete season’s work____________-_____ 3812 
Smooth sheets, —— on_____________________- 9334 

Shore parties 
Bases for ——, selection of.__________________ 1351 

200 Communication with — ____--____________ 1351 
200 Disadvantage of —— in isolated areas________ 1351 
199 PROVISION Gime fo ne ne 1351 

ELIT CRS ISOC 9 Dt ee 135 
285 Shore stations, R. A. R. (see R. A. R. stations, 
285 shore) roe 

ree SHO Ld COD-Seheetnee Shon Se ee { 4744 

285 Sights (see Astronomic observations, Star sights, 
and Sun sights) 

211 Signal(s) (see also Control stations, Hydro- 
211 graphic signals, and Hydrographic 
743 stations) 

building (see also Hydrographic signals, 
743 Signal cloth, and Whitewash) ________ 27 
282 in water (see Water signals) 
273 ONSpLIVALeyDODERb yin ne ea a 271 
838 onupublicresenvationSe= =a eee 271 
266 SUppIICSuer et eee ee eee 271 
276 Availability at start of project-__________ 137 
55 TTRAILESI pn als hes 2S — Pores Ace athe Se ee ee 272 

838 Cloth Seen al Ska SAM. Se Sere ee 275 
789 Colors ee eee eee 275 
267 General Schedule of Supplies number__ -__ 275 

Superiority over whitewash or paint______-_ 275 
282 Danger’ —— ‘by, whistles2 = 22 ee 1585 
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Reference 

Signal(s)—Continued. No. 
Day —— to indicate survey activities________ 1585 

Definitionss:-25:0 2 sot a: a ae als ee a 

Flag —— (see Flag, International Code) 
40-foot hydrographic ——, description.__..... 2722 
Launch hydrographic ——, spacing ________- 212 
Night —— to indicate survey activities______ 1585 
98-foot hydrographic —— 

Construction (22 shee ee eet ae 2721 
Materials required (list) ___________ nae s 2721(B) 
Specifications=25 cea ees 2721(A) 
Target, Gescriptioniote sss) eee ae 2721 
Time required to build ——_______________ 2721 

Temporary —— (see Hydrographic signals) 
Transmitted —— (see Transmitted signal, 

echo-sounding) 
Tripod ———sordinany2se2 o-oo es ee 2723 

Sigsbee watercup, description__________________ 4741 
Silt}aehinitignet ste. eee een ee 3845 
Silted areas 

depicted ‘on'fathogranis22s) 22) eee 7831 
Descriptive Report requirements__________ 7831 
Smooth-sheet representation_______________ 7831 
Washington Office to be notified___________ 7831 

Overlay tracings, showing —— on_____-_______ 7831 

Simplex-Bludworth Fathometer_______________ 522 
ACOUSLICIIN tsar fe eee er ee en 5221 
TE CUIENey4 ODCL ALIN Dea an ees ae 52216 

amplifier echow a) =i a= so eee 5221a 
522 

Gepthiranged sce Ost d= tt hey Bye eee: joo 

D Ress 522 
eSeriptions *= 22-488 STE eee Miko ss Rote 5221 

drafizadiustment=- on. — eee 2a ee ee 5222a 
808 Fathometer compared with ——_________ 5223 
fathogram paper 

depuhtscales*see se: Smee t= ae ee 5221a 
(Descriptions as eke Siw ee nek Pee ae 5221a 
GhaVveliSPeCds seer a ene e en eee 5221a 

Features; characteristic... 92/2 2222.) 5223 
Nnelicalwirc=ss= Asse ES sree vent h ean oem 5221a 
RUSE AL At iOr eee ee ee ea ete OP NEU Ce 5221 
ANISERUCE ION ED OOK =m mee eee ome rn 52225 

Kevin Gir Cuiteses eras bees = Sie oa ee (ees 

motorspeed sie ea ase ee eee 5221a 
adjustments se een. ee eee ie Ogee o 5222b 

TOLAV.CLOCIE VEO SOUT Gl aan anne ee 52226 
Controle ae eee aes Sener Re Eee 5222b 
THELOL Sat oe eee St eke oe ee 5222b 
tachometer ses sees 22s seen a eee eRe 5222b 
Verif CALION Ss tate eae, leks ae om eee EEN 5222b 

operating cycle, description__________________ 5222 
Operation tee ee ee ae en ate een en 5222 
Darts; principale Cs cease Mint Se 5221 
printer lad eyes cae eke ee SR ee 5221a 
recorden.cabineies stare eee ee eee 5221la 

Descriptions eas ss eee ee 5221a 
Pats See eee a ee ene 5221a 

recording mechanism 
ID ESCrID LOT sass eet es 2 Re A oee 

Ese i : 2214 
Prineipletohoperation= 22 ee ese eee {Boo 

soundingirates=2ee set eee Tee De ei 5222 
submersiblesinit eee eee ee ee ee 5221b 

‘DESCrIpPtLONE se: oot eee a ee ae Caen 5221b 
installation--e2 5) sete) ie 5221b 

time measuring devicel =. 2) ses ae 5222 

Simplex-Blud worthy inc esas ee 522 

Simultaneous comparisons 
Correctingj——— 4-2 5521 

for settlement and squat__________________ 5521 
Definition —-—s1hy sete Pe £e a ae 5521 
Fathogram, identification of ——on_________ 5522 
Procedure in making ——___--- 5521 
IReCOrd0 fa Sree ee ee 8332 
Requirements for determining instrumental 

CLTOP22... 3-5 eS eee 5521 
Smooth sheet, showing ——on____ 7737 

Sounding Record, entering ——in__--- seen 

Tabulationy (example) — os eee eee 5522 
Tabulationstfor:seasonias- sees 22 sen ne 5522 

. . 4665 Sinker for detaching rod________________ -----7- { ATA i} 

Sinking rates of bombs, determining. _________ Vera 

Sixth report of Board on Geographical Names 1671 

Size-of. sheetsse> so 4k ae) a A Pee ee 1363 

Sketches submitted as chart letters____________ 8521 

Skewed projection, disadvantages_____ _______ 1362 

Skiff, description and use. = 2322) ee 4243 
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45 Slope, bottom 
60 corrections (see also Echo sounding correc- 
152 tions, and Reflection of sound, bottom 

slopes) 
156 in irregular bottom, applying______________ 563 
61 Principle of applying —— _________________ 563 
45 Submarine canyons, difficulty of applying 

al) | ee ee ees ES EL 563 
154 to echo soundings (formula)__.._._.________ 563 
155 Determination of —— not easy______________ 563 
155 Echo-sounding errors caused by —— ________ 563 
155 Reflectiousitrom|——-- = = eee 563 
155, Soundings on ——, errors in_________________ 774(j) 

Sloughs 
Control in —— (see Waterways) 
Definitiont==-.- °=-= 22> gn epi ee 1682c 

156 Limit of sounding iio 3123 
409 Small boat hydrographic party, personnel of___ Mae 
304 Smoothisneet(S)z 222" = = es 

Adjoining —— (see also Junctions) 
739 Identification of —— ______________ 22. 9335 
739 ‘Dransteniof SouUnGdINEgSe= se - us pean 9335 
739 79 

739 Approval by Chief of Party_._.....-._______ 7941 
739 925 
459 Artistic —— not desirable_______.__________- 721 
460 Boat sheet 
460 compared with smooth sheet_______________ 9332 
460 Differences between the two_______-______- 7671 
459 ° positions transferred to smooth sheet ______ 7672 
460 Soundings on irregular lines from —— _____ 3352 

apn Use in plotting smooth sheet______________ een 
461 Charted data to be compared with —— _____ 9345 
461 “Circle’’ sheets (see also ‘‘Circle’’ sheets) _____ 37 

Clanityo importance ofee= =a eee 7913 
460 Cléaning/———surface=a=) ee eee 727 
460 Clean, —— ‘tobe kept. 2-52-22 eee 727 
460 Completed) ——— 22.0 2 79 
461 compared with boat sheet_________________ 7912 
460 compared with Sounding Records_________ 7911 
460 inspected in Surveys Branch______________ 9349 
461 covered while being worked on______________ 731 
460 COVerS-< = = see aes Ste eee 761 
461 Creased at table edge, —— not tobe ___-—__ 7311 
460 Custody of ——, at Washington Office_______ 931 
461 datum (see Geographic datum, changing on 
461 survey sheet) 
461 Datum, changed, marked on ——___________ 7362 
461 deficiencies found in the past________________ 795 
461 deficiencies supplied by verifier______________ 9338 
461 Definition: 232-2! a aa oe ee 7 
461 Degree and minute symbol sizes_____________ 7323 
461 details 
460 ine la Cksin Ka LADLE 8) a ee 792 
460 inj colored inks (fable 8)\es eee ere 792 
460 left in pencil by plotter (table 28)___________ 792 
460 Smallest —— to be perfectly legible________ 721 
460 Wanious requirements se. == ae 78 

Diameter, minimum, when rolled___________ 796 
460 ‘Disposition of ——, final_--_ = -- == _ 7 
460 distortion (see Distortion) 
461 Dog-ears' on’ ——) 5. =) EY eet bone 7121 
461 Drafting and lettering = (see Drafting) 
460 Dry during plotting, —— to be kept_-________ 731 
460 Erasing from: —— os Se et eS 727 
460 Erroneous soundings detected by verifier____ 9333a 
461 Flat during plotting, —— to be kept.-______ 7311 
459 Inkedwliness removalot ee ee 727 

Inking —— soundings______________________- 933 
511 inserts ______ Ri ee rien 
Bil Inspection, final, 0 th 

511 by ChiehoOlRarty. ee. = ae eee fsa 
512 925 

oll by hydroprapher® 2 = es eee 794 
782 by ‘plotter. 22). 5 =e eee aes are 794 

Latitude and longitude numbers, size of_____ 7323 
oil orientation. 7s--—- 5-0 eee = Ie 
725 paper (see also Paper, drawing) -.-.-__-_-_____ 711 
512 Culibysshanp penciss ese ee 731 
762 furnished from Washington Office_________ 711 
512 Identification of —— —_____________________ 7112 
510 SG —— 7115 

410 SIZOS: = cater. ame meena eter ae ee ere [eee 
648 paper (continued) 
649 surface not to be marred__________________- 731 
52 Types 5 ale ee AS DG hs sake lea 7112 
25 Pencil linessremoval of. 22-2 = 727 

797 Pencil lines, —— paper not indented by __-__- 724 
¥ Permanentirecord. 222 ee ee ee 793 

25 Photographic copies of —— _________________ 721 
327 plotter (see Plotter, smooth-sheet) 

Page 
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Smooth sheet (s)—Continued. No. Page | Sono-radio buoy(s)—Continued. No. Page 
plotter’s initials to be on —— -__-______-__-_- 7916 749 aim plifeneees = seers oe eo ae ee eae 6431 597 
plotting (see also Plotting) adjustment (see Sono-radio buoy amplifier 

IMSDECTIONAOL sas eee ee ee 777 732 _ gain) 
ionnneysoundingsteemeens ==. oe 772 718 GS ol = 23 Age A ee NICE eee 6431 597 
Verification of —— noted on smooth sheet__ 7916 749 CaiMaGIUShMMente. ee oe Se a 654 608 

IRE paraioniOn 22 = ee 2-2 ie 73 666 Directemethodt se - secs 5 Soe ge ee 6543 610 
prepared at Processing Offices ---___-___-___- 9241 845 MeL HOGS si vamnlOus=- 52-05 - ee 6544 611 
Preservation of ——, at Washington Office... 931 847 SAITO EHNA DL ON eres See eee Se ees 6541 608 
preserved indefinitely —--=- -—. ----_-_-+..-_- 73 666 faingmaintenance------.--.2--=2.- 22. - += 6431 597 
lea ele oe es 7333 675 gain measurements 
Prior surveys, —— compared ATL See 9343 856 FAD Dana pls if Oli——— pes ae ete 6542 609 
projection lines, intervals between (table 24) _ 7323 669 Attenuator for ——, description_________- 6542 609 
projections (see Projections, polyconic) : Circuiiidiagramt= === = 222222222 oe Sees 1h GG 609 
IPTOVECHONION—' 22a. oe 731 666 Directometho disse ss oe = a oe ein 6541 608 
during plotting _______ 2 a Oh ee 761 698 IPTOCEGUTA Us sas as See ees ee 6543 610 

protracting Wiethods mV anlOlse--<ee a sen eee nner ee 6543 610 
completed before penciling soundings _____ 7624 700 gain, procedure for determining __________ 654 608 
Verification of ——-._._______..___-__....- 9332 850 Stabilitysrequirements:----- 292-2222 6431 597 

R. A. R. (see R. A. R. smooth sheets) Adrhos enor To — WN eae eos See 6431 597 
Reducediscalevcopies of. -__-- 2-2. - = ===» 721 663 anchoring gear, elimination of noises in______ 283 171 
review (see also Review of hydrographic Anchoring —— in deep water_._-_--________- 643 596 

SURVEY) seoe ees see ee oe Ae ae cn oe 2 934 844 antenna 
Reviewed —— contains necessary prior sur- Coupling —— to transmitter____...-_____- 6433 599 

VOVEG OLA Ma ea een een ken ee 9343 856 CLOW G10 rile ee eo a Sl eee 6433 599 
Reviewer’s comparison with chart___________ 9345 857 lén eth esse ok = Tee Fee ee eee oh 6433 599 
IROL Ub Oye? ——— OS eee So. ee ees 7311 666 as RA VRCaSLATIONS! 9 taesea eee 3 toe 643 596 
Shipment to Washington Office____________- 796 752 difficulties in strong currents_______-_______- 643 596 
Shoreline and topography IBVAS th © 08S tame oe ees Pe ee ete 652 604 

Revision reported in the Descriptive ACSVATLUAS CSA ee a see eee eer 653 608 
ICD ONL SS eae 25s s8 ee Se 842G 788 aniplifiersideseniphiones ses. s === a= 6521 605 

Source identified in Descriptive enon. _ 8424 788 Pay ey ab ott. ee aes eter Ti ae ee 6523 606 
SIZ CMAN ASAIN oe see eer ok) see ae ae ae batteries et gagtere Sete weer teraet asin’ 6524 606 

Deratin elite Sak Soe es se ae a 6524 606 
SineyiStama andl ee Se ae a ee eae 232s 2 {ii 699 eireuit diagram ee fig. 134 605 
Q : eee. P 7741 compared with Vincent sono-radio buoy__- 653 608 
Sounding Record, to agree with _______- {fos 774 CUTrem tre guITeMeNtS 2s ee 6514 603 
Soundings at positions, placement___________ 7736 724 Descriptions. sh aa ee ee eee 652 604 
soundings checked with Sounding Record___ 9333 850 Disadvantavess <2 een en 653 608 
Soundings selaniiyiOfes so) on en 773 722 elecinicjeguipments(7s86) a= oe 6525 607 
Soundings omitted from —— _______-________ 7725 721 Ey drophone fori —— = 652 605 
Soundings on irregular lines taken from boat Keyin xCincuitswe == ae os ee ee ee 6522 605 

SHOG lee see eee oe eee gone a a operation described eS SAE ee ele ee 6522 605 
. ana 7 71 peration without service__.______________ 653 608 

Soundings, penciling on —— ---_------__-__. ie 722 TACIOVLEANSIMLG Terese eee mY: Sea 4° 6523 606 
Gil ay Sees See eee 7751 727 DESCEIDUONE2=- bees ee ee ee ee 6523 606 
Supervision by Chief of Party_______________ 79 747 iE QUENCY s- Sac ee aoe ee es ae | 6523 606 
Symbols, standard, must be used__-_-_______ 721 663 operationta--¢: feet eee AE a gels 6523 606 
Temporary notations in soft pencil__________ 731 666 COLULA O]U Mee eee eR ee enn ee 6523 606 
Temporary notations, removal of_________- __ 9338 854 signal-shortening circuit described _________ 6522 605 
title inked at Washington Office_____________ 9322 848 silencing circuit described__________________ 6522 605 
Topographic surveys, —— compared with, SUTIICHUT ERE 45 - cass Sans Bi ee 2841 178 

DYAVCLINGR tes mete seen bee, eee ces 9334 851 Materials required (list)________________- 2841(B) 179 
Topographie survey and —— data adjusted__ 9342d 855 Specifieations#2--e- 7.) Fhe ee 2841(A) 178 
Transferred soundings to be in coloredink____ 9335 853 electric circuits detuned by flags touching 
Transmittal of —— to Washington Office____ 796 752 AM TOT ie oe ee te ak? Ee RT a ole 2841(A) 179 
transmitted ‘separately_-.------_--"_--__) === 836 785 equipment, electric, principal parts (see also 
VIDS. sac. See a ae ee eee ae 711 657 under name of specific part)_________ 643 597 
vertification (see also Verification of hydro- Flags and banners on —— ___--_------s 2841(A) 179 

graphic survey) gain (see Sono-radio buoy amplifier gain) 
Verification of certain steps required tAe~ See 791 748 EHISCO G2 eee ee or eee ESS ew 284 178 
Werilicahlomol nepontts—---- 5 a 9339 854 Hydrographic surveying, use of ——in______ 25 110 
Verification, of SUMUISHICS ae ae = eee ee 9339 854 hydrophones (see Hydrophones) 
Vessel’s track taken from boat sheet_________ 3252 210 KE VAN CRCINCULt => meee epee eS ep ee 6432 598 
Whatman’s paper to be used: ______________- 7111 657 Gesign: eee cn es yekeay cas). See aan ie 6432 598 

c p BUT DOSC ase se se Senet oe arn ee ae 6432 598 
ie UE Co ahaa ca ol st ting, Wight we (hae oe te einc teas ess 6432 598 
Bottom characteristics obtained with —— __ 3841 301 eee bean PIED Se soe ese EE a ae 

Bottom types a —— is used in________-______ 4761 414 R. A. R. distances from other sono-radio 
DESCRIP MON Mee see ee eens SS. Pie SOF aoe 4761 413 buoys 2573 143 
Detaching weight for use with —— _________ 4761 414 CALITAWALOREEAVOTSOC nn) a eee nS ee 2573 143 

Lead size to be used with —— -_____-______- 4761 414 Metal types (see Sono-radio buoy, Vincent) 
limitations_---------_-_-----.-_--.--------- 4761 414 TLATHESVONESELLICUULES Me eee ee ar eneaee meant 2814 165 
SIZ@S- --_-_----------------------------------- 4761 414 operatingaditticul testes see tena nee ee ee 655 612 

Soap, used for arming lead_____________________ 4664 398 Performance of Vincent and East Coast —— 

Société de Condensation et ara peheations __ compared __-.___-_.--_--------------- 653 608 
Méchaniques (S. C. A. M.)- 531 500 radio power ___---__._--_-------------------- 6443 601 

,f3115¢ 193 radio sipnal eng nese: =a eee oe 6432 598 
BOMICHD GC OUHEMING Che aenemnnnon === eon eee aie 44] TACO ANS ULC Leeann 6433 598 

Cina ees oe 5131 441 adjustment ___-______--.-.----------------- 6545 611 
Ovainiiin 2 see he ie ee 5131 441 Dumimmnysantenna in ——— aoe eee 6545 612 

5 a : P Circuiltdiagramiee) 2 a eee fig. 136 611 
Sonie pean (see also Frequencies, Methods 6545 611 

sonic ES 
acoustic units, nondirectional properties of __ 563 540 Gane tglantentiaae= ss Baliau vii aan a5 
transmitting unit design 6433 599 

(First echo registered from slopiie bottom TLEGUOTOV.2 al LE Dalton Pal) thd [uy eainiebiay betes 6433 598 
AISI Oi ene (2 Lt 563 540 q Mitch soe tose een doe an eer aa egager dai Sasa DOW eI Teguiredeee eee eas es ee 6433 599 

uiscdsinvechojsounding= = sso see ess 512 441 iy es ee a. cage sees ae ed nae 6433 599 

Sono-radio puoy is) (see also Buoys, control, and range -vleee .. 35 ep aber feel vial wes 643 596 
R. A. Subnormal ——, causes_____________-_____- 655(a) to (d) 612 

adjustment oe ‘also Sono-radio buoy ampli- Relieving buoy used with —— ______________ 281 163 
Here ain) = — oo eee ee eS. 654 608 signal shortening, advantages of_____________ 6432 598 

AGLVanlagesi: -sae oes eee. ee Res 643 596 signal-shortening circuit described _____-_-__- 6522 605 
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silencing circuit described ____- nd -.. 6522 605 Velocity increasing moderately vertically __ 6362(b) 594 
silencing circuit, effect of — _.. 6432 598 Velocity increasing rapidly Mh a aa Ls 6362(c) 594 
Spacing of —— ________ be: 2355 ee eee 212 62 Velocity nearly constant a alee _.. 6362(a) 594 
stations_____- 643 596 Physical laws of —— ~ : <s SR GAL 558 
strays (see also Chronograph tapes, strays) _ 6852 652 Physics of —— ____. eee eee ape A (*7- 557 

Excess , Causes. _ __- _ 655(e) to (i) 612 511 437 
Survey buoys replacing —— ‘not needed tem- propagation (see also Sound transmission) _~ fat 558 

porarily - he Leash tee 2040 132 656 613 
symbolization E Peek ew AGC) 688 Aeration effect on —— ______-_--_-_------- 5143 444 
EY PeSs_ sees = Ree jd) 643 596 Attenuation __ aos pate eee ea eee eae 5144 445 
WinGon? ese er 181 Depth variations, effect on —— ===." 628 566 
ele ehal is cia ~-\651 601 Direction(of——"_2 2) 1 ae 6222 563 
Advantages - : =o AeA eee OOS: 608 Formula for angular change in —— _____ 6222 563 
amplifier, description Se (ence evita ee enGolll 601 in a heterogeneous water medium eee VS: 566 
antennaeee “Ste: ease kee 8 ess eee 2842(A) 181 Factors affecting —— _________ 25 246232 568 
batteries eee: = tS Pear «i 6514 603 Refraction and reflection combined _____ 6231 567 
Buoyancy, reserv COL ———— Se eet eee 28 163 in an ideal water medium_____ L SE Oze 560 
circuiicdiserammetee t= ss = eee fig. 183 602 in ‘shoaltwater=- 2-5 oo ee eee 6231 567 
compared with East Coast sono-radio buoy ee aS Reflections from surface and bottom ___ 6231 567 
CUITENt Teq Mire Mie USe ase 4 605 5 % 621 559 
DEeSerlpliOn/ss=e<.4 oe =e = on c= WTAE 651 601 Viscosity, effect on < {e574 565 
electric equipment (list) ______-_____-_-__- 6515 604 ranging (see also R. A. R.) 
Hydrophone for —— _______ Se ee 651 601 Accuracy ____-_- a aoe mee ptt i} VY 556 
keying circuit, description____----__------ _ 6512 603 Methods 2 =a 2 sae as 2 i bw = oe 612 556 
keyinecircuit soperatiome=— == =-=2=="= ees 6512 603 Methodiusediiny Re Ans hess eee 612 556 
Operation without service______-_-----_-_- 653 608 reception (see also Hydrophones and Receiv- 
PCLOLMaAnCeY see ene e eee eee ne eee 651 601 inghunits) ===: eS ee 656 613 
LAG Oras mitten ee ae 6513 603 PurstarrivaliwaVves=——.2---— = 6222 564 

Descrptioneee- eae. = owe te epee eet eee 6513 603 Reflection of —— (see Reflection of sound) 
OPeraAnOn eee ee pena e eee 6513 603 Refraction of —— (see Refraction of sound) 
ouipulee = = ee eee 6513 603 Scattering of ——, effect on transmission. ____ 6233 573 

LANL eCOMOPeLAtlOME == ess meee nee 651 601 Shadows, (causes: 2 2** = =<-=" > =< 25 Soa ee ae eee 623 567 
structure : signals, length, in echo sounding _-__________ 511 437 
WGNSinICtio nee = ee ee ee ee 2842(A) 181 source location, effect on transmission _____- 6231 567 
Materials required (Uist) ________________- 2842(B) 182 Spreading of ——, causes___.-__________-______ 6224 565 
Specihcationssessee == asas= -aaeas see 2842(A) 181 Spreading of ——, definition-__...-__________ 6233 572 

Wooden type (see Sono-radio buoy, East Subaqueous —, ‘first practical use_____ __ 611 555 
Coast) transmission (see also Sound propagation) — 

Sound Atlantic!@oast..- == == ee 6233 573 
Absorption of —— Bottom configuration and material, effect 
by fasestin watera ss 2252223 ees _ 6233 572 On a ee ee eee 6231 568 
Dehinition® ee a: pete Ne te Ae ee eee O22 565 Bottom slope, effect on —— __-_____-______ 6231 567 
CNerevelnewialelr es ae eee ee 5141 443 Current effect on —— _ _ 6354 592 
ANCE TAU AO TNO fy — ee ee ees 5144 444 Deep to shoal water, difficulties encoun- 

Boundaries, —— at__.._-_________- - 6224 565 teted: >... = ies eee 6231 568 
Gines fees 559 dependent ontmedium= ses se a eee 514 443 

je eta ; Laat Rat ARMM EAE TT er 565 Effectiveness off Atlantic Coast___________ 6233 573 
Conditions in sea water causing —— _____- 5144 444 Effectiveness off Pacific Coast-_._.________ 6233 573 
duertorheaty OSS es aes eee eee 63 574 Factors affecting in water of nonuni- 
HactorsicaUsin gy —— laa ae ee ee oe E ae ae form temMperatune === eee ee 573 
i SORTS THRE I! 6 Investigation aithculjes == sees = sae 557 
in a heterogeneous medium _______-__- 2S ea 572 Knowleive limited...) 2.0) ae 62 557 
in a homogeneous medium_______________- 6224 565 Pacifici@oasta eee ee eee 6233 573 
Reflection and refraction. effect on —— ___ 6233 573 eee 621 558 
Shoal water causing ——-_-_----- 6233 572 Principles --.-_.-----------~--------------- te 613 
Suspended matter, effect on —— __________ 623 566 range 
Temperature, in water of uniform____- 6233 573 Bottom configuration andmaterial, effect 

detecting devices (see Hydrophones and Re- Oh —— EE eee eee 6231 568 
ceiving units) Horizontali=—= __-*." 2° ae eee 6221 560 

Diffraction of —— _____._.________-_- -- 6233 573 in uniform medium (formula)__________- 6232 569 
energy absorbed in water___________________. 5141 443 Reflections, effect on —— ______________- 6232 568 
Energy, —— a form of.- yee ee O21 558 Source location, effect on —— _-__-_-_ 6231 568 
Explosive sources used in R. A. R._-_______ 62 558 studies during World War I_______________ 611 556 
Generation - buds Sete bass Aske Shee --- 511 437 through an elastic medium_______________- 621 558 
Intensity of — Velocity gradient, effect on —— __________- 636 593 

Definition __ Jeet Ee 621 559 Vertical —— 
distinguished from loudness. 621 559 Retleetionsan— ee 6221 560 
Reduction of ——, causes. ____-__.-_-___..- 6222 564 Water as a medium for long-distance —— _ 621 559 
Relation to distance from source__________ 6224 565 Velocity of —— (see also Velocity of sound) 63 573 
unaffected by reflection and refraction. ___- 6224 566 Use inuRaAnR. Oe ae eee 61 555 

Imterference0f——— s >= > == - 6223 564 wave(s) 
between direct and reflected path __-__-_-___ 6223 565 Gharactenisticcs te eee eee 621 558 
Conditions causing ——-_-_-.-._-..----___- 6223 565 First arrival at hydrophone___--_________-- 622 560 
Effect on range of direct path______________ 6223 565 not always first detected________________- 6222 564 

Loudness distinguished from intensity aes Ee 621 559 which is detected is used in R. A. R____- 622 560 
Multiple reflection of ——._._.___._________- 6221 562 Phase of —— 
INaturetiecea.- alist ees Ss 511 437 Definition... -.=-5 528-4...) 3 eae 621 558 
Path of — Particle velocity —— ____-_--_---------- ee oe 

Computation of —-_- == 6232 571 PIOSSUne on - Susan zs 
ID UR A—— a Sy NA Te 6223 565 | Sounding(s) (see also Depths, Depth measure- 
Effect on strength of R. A. R. positions ___ 6824 642 ments, Echo soundings, Handlead 
IMs MVM yeh@\y = ee 6232 569 soundings, and Wire soundings) 
in an elastic medium - Rass ing Go! 560 apparatus identified in Sounding Record__-__ 8182 759 
Incident angle, effecton ——-__ 6232 571 apparatus standardization in Sounding Rec- 
in nonuniform velocity medium___________ 6232 570 ORG oes we cen snensseeases ene -----4c5 8134 760 
Length of —— compared to horizontal dis- Bombs, —— with (see Bombs, sounding with) 

tantce ee. Salas ee ig eee 6221 563 chair 
Pressure gradient, effect on ——___________ 6222 564 aun Gh $8 3 eee ot = 4625 387 
Shortest —— in an ideal medium_____ E6222 564 Canvas belt substitute for —— _________- 4625 388 
Mangentialiray 22 v2) oo Sea | £55 6222 564 General descripthion==- ss eee 4625 387 
Temperature gradient effect on —— _______ 6232 568 made from gasoline drum_______________- 4625 387 
Usual —— encountered in R. A. R_______- 6232 570 Ship: oe Seen ees == 4624 387 
Velocity decreasing vertically___.__________ 6362(d) 594 Generalidescription=--2 5 52) see 4624 387 
Velocity gradient effect on —— ___________ 6232 570 General-requirements=——-- 4624 387 
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Sounding(s)—Continued. Reference Sounding(s)—Continued. Reference 
Fe are No. Page Missed—Continued. No. Page 
Win BIE esate ae ee ee 4625 387 to) besuppliediateram --- 2 3542 272 Charted ——, erroneous, investigating. ______ 173 57 Navigable waterways, upper limit of —— 3123 194 Clarity of —— on smooth sheet______________ 773 722 Navigation use, Coast Pilot requirements___ 916 839 Continuous ——, numbering positions at mid- “No bottom’’ ——, recording.-.-____. 8143 762 

IITA TE a. ee nL Cae. Samana ane 331 212 numeral(s) 
Control-station symbols, —— near___________ 772 719 Area covered by a——onachart_________ 563 541 WonversionvOf—— _. ee 7716 716 on smooth sheets 
copied from Sounding Record for boat sheet Onientationmees street Ne eee 7733 723 IP 22 elites ee ae eae ea, ae 253 210 PlacémentiOb=— eos ee ere 7736 724 correction(s) (see also Echo sounding correc- AU Wee See es CS eh ie ae el 7732 722 

ions) Stylot ee eee a eras Seeant: 7731 722 PADD CA OMe ee Sa ees Lt 823 773 Omission of —— from smooth sheet__________ 7725 721 MD eCinialsenise Olesen ee oe oe ga Operation of —— described____._..___-- 342 253 Examples of application___________________ 22, 71 aaa ee 714 Omission of ——, where authorized________ 822 771 Penciling on smooth sheet -.-___-___-.. 773 722 SISTIS Meee ee an ee ee) 822 770 Plotting —— on smooth sheet ___.__________ 772 718 Sounding Record, entering ——in  __-____ 822 770 Sequencerss salen ee roa 772 718 Sounding Record, —— by smooth-sheet polese=s= SR oe ee ee enn ee 461 383 [CR Rees ee eens 825 774 De DER mn tat ores see eee ee 461 383 Tide, derivation of ——for____.__-_- 8224 773 GimensiOnse esses ee OS SED) 461 383 units same as recorded soundings ________ 821 770 graduations: 200 oS Sag hbo eit 461 383 WiGiiiyl Sens i ee 824 774 Marken pee ee eee ee 461 383 Crossings, —— at (see also Depth differences) Use in sounding --_-_--_____ oe ees 461 383 Differences reported in Descriptive Report_ 7771 733 Positions of —— (see also Horizontal control; omitted from smooth sheet________________ 7725 721 Positions, hydrographic; and eer 212 Tabulation required for R. A. R. surveys__ 7722(a) 719 AS ROI xs) eee SED Ni a 344 259 Currents, ——in (see Currents, handlead Positions, —— at, placement on smooth 
sounding and Currents, sounding) sheetiyis-so52 5 eee 7736 724 datums (seeiaiso Datums)—___--__-_- 2172 68 Protected waters, ——in___..--.-- 3121 193 (QU avzi i, <j ro a 1125 5 oS along, alternate method of num- ey 7821 734 ELLE OSMMONG2 ee ae ee 3312 213 Definition —----—__-___----~---=+--=-2222-2 Hey 773 Record (see Sounding Record) 

Field party’s need for——__- 4672 399 recorded horizontallys ase a alas s 817 7 Preliminary —— for field party use________ 1215 12 Recorded time of ——, required accuracy____ 4542 381 verified at Washington Office = 9323 848 Records, miscellaneous, for ——____________- 81 753 Washington Office, —— furnished by______ 8224 773 reducers (see Sounding corrections) Decimals, —— in, representation on smooth Reduction of —— (see also Sounding correc- 
Shee ise Ot 7734 724 Tloms) =< =3!-5 2 Beale bees Pipes tees coe 82 770 Decimals, —— in, where required on smooth referenced to wharves and piers_.____________ 3434 259 SIGE Ss eae 7714 715 Rough seas, effect on —— ________-- 774(q) 726 Deep-sea —— (see Echo sounding expedients Shoal indications from ——less than surround- 
and Wire soundings) inexdepthsss= 6 ee ae en eee 3154 203 Depth units, final, after conversion _________ 823 773 Smooth sheet, selecting —— for... 7725 721 Depth units for 124 15 Smooth-sheet —— converted to chart values. 7716B 717 Pp Nga eaieg > teres 3112 192 Smooth-sheet —, legibility required_______ 849 Detached —— (see also Detached positions) Smooth-sheet ——, size__....._ == 7732 722 IROSUEIG Te mm eA 3312(e) 213 Sounding Record, —— properly recorded in_ 8143 762 differ consistently from prior data___________ 3521 269 Sounding Records to be used by different 

Docks¥——sine see ae ee et 3434 258 SURVEY .UDIts. __ ———_ teas) 1 754 Drift —— (see Drift soundings) Spacing —— on smooth sheet__.______ 772 718 Dubious —, verification of-_._-.____-_- = 3414 252 according to recorded times________________ 7721 719 Echo —— (see Echo soundings) speed (see Speed, survey vessel, sounding) 
CyClesdeseriptioneess mre 6 Mig Le 511 438 Style of —— on smooth sheet... | 7731 722 Errors in —— disclosed by depth curves_____ 776 729 Survey vessel in transit, ——from___________ 171 56 Errors in ——, typical causes of-_________-___ 774 725 Tide, —— corrected for__..-__.______.._.____ 8224 773 Exposed coasts, —— along... ty 3 ae 3122 194 Transferring —— directly from fathogram to 

Fathoms converted to feet_...._____________. 7716 716 smoothishect 22.5 ee 7723 720 Feet converted to fathoms._._._________- 7716 716 Transferring —— between adjoining smooth Fixing ——in horizontal position (see also SHGGUS see sere soe en eee a 9335 852 
Horizontal control; Positions, hydro- EDT OC yp nae aa eee eee een e See mT 31155 193 graphic; and Three-point fix)._______ 344 259 UOT ae > CRONE Ts ian Weibel Ors Lee 3115a 193 Fractions, representation on smooth sheets__ 7734 724 Uniform ——, frequency required on smooth 

Frequency of —— (see also Echo soundings, i Shectteise kes asset a een 7725 721 TOQUE CY Me saa eae oo 2 eee 343 257 Uniform —, spacing_._____________________ 772 718 Dangers and shoals, —— adequate to indi- Unlikely —— checkmarked in Sounding Catcrallitiens ce ous eee se 355 273 RE COLG eee ete ary et ee a 811 757 irrer lara ie ee ee I Dra 343 257 Vertical —— (see Simultaneous comparisons 
ordered by officer-in-charge... = = 3315 252 and Wire soundings) 
Smooth-sheet requirements. = | 7724 720 Wharves and piers, ——alonside____________ 3434 258 Uniformifypgint——-s sae ee 343 257 wire (see Wire, sounding) 

Pees over ae petber aa. Soemee. Its 3431 257 Wire —— (see Wire soundings) 
andlead —— (see Handlead soundings) i i Inking —— on boat sheets. 3253 310 Been ee Inking —— on smooth sheets_....__._....... 9333 850 Astronomic controlled ——, records required_ 8313 779 patina Wieatig@t——— b__ nee 3121 193 direction for developmental iS ens 3662 283 

Inshore ——, where dangerous... 3122 194 Inshore ends of —, fixing____.-_..___-_..... 3454 263 Inshore ——, where range of tide is small____ 3122 194 Inshore —— paralleling the shore____________ 3141 A nee interval (see also Soundings, frequency of, and to be run at high tide___________- WeSSSaTS HAS 3532 271 Soundings, spacing) Irregular —— in winding waterways_________ 3352 226 
LEQuirementsse eee 222 yo ees 1214(j) 11 Jumps 2 ee : 

Irregular depths, —— in, recording_-______._ 3433 258 from errors in positions of control stations. 244 105 
Junctions, —— at, transferred to boat sheets. 3233 207 from three-point fixes to buoys_---________- 3337 220 lead (see Leads, sounding) Meas arin a ailes (0 — aes eee ne 4832 430 Leadline —— (see Handlead soundings) Objects passed to be referenced to——______ 3353 226 
line (see Leadline) Sounding line(s) 
lines (see Sounding lines) Operations, miscellaneous, in running —— __ 345 261 machine (see Sounding machine) paralleling depth curves, avoid excessive aces described in Descriptive Report_.__ 842H 788 SPACE! Of ——s ee ye ee ao 210 inus —— F 

"UAC Garr: Maem ag ied abel ieee aed eas 7715 715 paralleling shore__-_-_----.--------_--.-.---- err 197 
ray Saat uy 7715 715 Importance of spacing —— __--_-_--_-_ 3462 264 Showing on Smooth sheet__.--..--_.-- ae 704 Proposed —— 

Missed —— Difficulty of following —— in vicinity of 
explained in Sounding Record_____________ 815(p) 766 SH Og] see eee MED soli To arat) Saar 3464 266 
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Sounding line(s)—Continued. Reference 
Proposed—Continued. No. 
OU O WA emt peewee ek 2 wee AOE 3462 

at slow speed or in strong current________ 3143 
RISITIOR EEA EG ee ee ee eee een e 3462 
Wwihlere fixes are Weakit.-))) eee 3462 

OT DORUISHOR Oe se eae n ee ere Seems ete meee 3241 
SHITE SVSLOM Of mm eee eee en eee 3462 

Radiating —— 
ROTI Oyen ee a ee ee 3371(2) 
Offshore shoal developed, using —— ______ 368 
USING TANPES 2 aes eee eee ee ee ee 3341 
SA Rs eee 2 CSE EE He SRS Ss eee 683 
Development, control for_____..__-..____-- 6832 
Development, direction of lines____.______- 6832 
Direction of ——, best. -.-....---.----_.-.. 6831 
Direction of —— in relation to bisectrices__ 6831 
Proposed ——, course changes in following_ 683 
Proposed ——, difficulties in following_____ 683 
splits, difficulty in running________________ 6832 

Range marks, floating, used to control —— ~_ 3345 

Ranges, sailing lines, and courses, —— along. 356 

Shore controlled! ——"=2 ee 3344 

spacing (see Spacing sounding lines) 

Started from/aistandstill@e se 3451 
Satya baleaty ——— es Se ee ae Ale) eres ss 3451 
Systems 8-2 secs retort Pe & 314 

AGCQUaCYy{ Olea oe eS lesa 

CirculariarcsSe jo tt ale Sie ee 3143 

Dangers and shoals indicated by —— ----- ee 

Depth curves, running —— normal to___-_- 3151 
Distanceranelesusedimes See seiess es 3143 
Exposed coasts, —— along. ___________-__-- 31414 
Parallel —— 

MlongshoresSae Supra nely see) 3153 
Advantages and disadvantages_-_____-_- 3141 

Depth curves intersected at 45° by ——-_- 3141 
Depth curves, —— normal to_______---_- 3151 

_ Advantages and disadvantages -_______- 3141 
Protected waters, —— in___-___----------- 3141B 
IPuLpOSeae 6-3 at Ee SES 314 

Radiatingim—— 22 =~ soo nese ee ere 

USIN Pera POSEae es 8 eo 3341 
Requirements, general, in project instruc- 

T1OTS =: sree Pek” Teas tet 3d pies 314 
Splits required to supplement —— _______- 354 
MV PECS+- PONETAl essa sae a ee ES 314 

Turns between) ——-. =... --2et hee eset 3454 
Two vessels controlled from one vessel___-_--- 3366 

Soundingamachine(S) 2s. eee 463 
iMutomaticutake tyDCs 2 = = eee 4631 
@anivas Cover [00 a a ene 4658 
@arenwhennot in ises = nee ee 4312 
connection to launch engine_--_------------- 4633 
IDESCHIDLIOHEAN GSC =- see ee eee eee a 463 
1S ate Y= ee eee een se 4632 
ASEH GON sete een eee ee ea eee 4633 

Launch —— installation____-_--.------------ { sen 

Advantages of a midship —— ____---_--__-- 4633 
Operatineirates ss.) Aenea ee ee 3422 
OPOLAtLON Sess Se an na eee ae eee 3422 
Ship —— 
CO T-SE aby eee 4631 

Capacity, wire ------ eee ane 4631 
Wieighitec cs hate sce Seon me ea 4631 

Description, seuerala = =e ee 4631 
3 es 3422 
installations=2-<" ==. 2a ee { 4633 

Accumulator spring sas 4633 
Boom to lead wire outboard____--------- 4633 
Rockeriatm, Use0le as = 4633 

Tay=ty Pewee = = ee a ee ee eee 4631 
Capacity, Wiles ssn = ae eee ree 4631 
Wel pitt ree Fe ent 4631 

L-type (see LL-type) 
Operations. 2452282 es tooee Ss 4631 

Use restricted by echo sounding------___--_- 342 

V-type belt drive, advantages of-_----------- ee 

Sounding Record(s) (see also Sounding correc- 
tions and Echo-sounding corrections)- 81 

Abbreviations authorized__--_--------------- 8111 
Beginning of day’s work, nformation required_ 813 
Boat sheet, agreement with —— __------_--- 324 
Bottom characteristics, miscellaneous, re- 

COREG ita ee a 3842 
Check made at Washington Office___--_----- 825 
Completion Of ——1 4s SS a eS 819 
Conversion of reduced depths to smooth-sheet 

Gepthitini te Ss ae 7716A 

INDEX 

: Reference 
Page Sounding Record(s)—Continued. No. 

264 3253 
20 Copy for hydrographer’s immediate use _____+6711 

81 
265 corrected daily -sts-- -- see see ee 3246 
208 corrected in colored pencil _-________________ 9331 
264 corrections (see also Sounding corrections and 

Echo-sounding corrections) 
233 entered and checked by field party_______- 9231a 
286 Cover label’completede.- 2 2-2 ee 819) 
223 Cuts indexed in —— ________-_____-_________- 819d 
645 Dayiletter = 2 ee eee 8121 
646 Depth unit change, how indicated___________ 3112 
646 Depth units of soundings after reduction____ 823 
646 Drift sounding data required________________ 3312(e) 
646 Duplicationo. —_ = ee 836 

ae Echo soundings properly recorded__________- {fg- in 
646 Echo-sounding corrections, entering_________ 8223 
225 Echo-sounding instrument data required___- 8132 

274 Echo soundings missed, noted and explained {3319 

224 End of day’s work, information required____ 816 

Erasuresiforbidd ensa3-—-2= asses 81 

261 errors 
195 7671 
208 corrected by smooth plotter___.__--__-____ ioe 

at a 7741 
273 Positiondats —— -----=- > 76244 
277 1p. ¢201l| 0) Ce eee eee eee ee ace a. 81 
202 Experimental — for use with fathograms_ _ 817 
200 Generalidiscussion=- >) =2-5 === = 81 
198 Handlead soundings properly recorded __-_-_- fig. 172 

Horizontalirecord-22325 2-4-2 eee jon 

Fhe Index of miscellaneous hydrographic data____819e 

198 inspection by Chief of Party_---..-.-_------- ftp 

ee interruptedifor remanks=-222— 2 oss ee 814 
199 Kelpito be reported ine——— 0 136230 
195 Leadline comparison, record of___---___-___- 4622 

ae Lecibility required =—====- === 22. eee (ei 

223 Missed echo soundings, noted and explained {3545 

195 MUM Denn gy bn alana eee 8194 
271 Officer-in-charge’s signature in —— --_-_-_-__- 3412 
197 Office work to be done at Processing Offices. 9241(a) 
262 Office work to be done by field party ----_--- 9231a 
931 page headings <2>- 2-2 -=2s:) ea 812 

Processing offices, work done on —— _______- 9241(a) 
388 Protecting —— during use________--________- 81 
390 R. A. R. data omitted from —— ___________- 8311 
397 Recorded data never erased___.______________ 7741 
331 Recorderisidutiess==— 5.5 ae eee ae 3414 
392 Record of draft measurement_______________- 5512 
388 Reduced soundings 
390 converted to smooth-sheet values (table 26). 7716A 
390 Errors found in —— ____--_---2---___-1_-- 825 
324 Verification of ——__________________/2___- 824 
391 Reduction of soundings (see also Sounding 
392 corrections and Echo-sounding cor- 
256 TectioDS) 2 42 = ee 82 
256 checked at Washington Office_____________ 9323 

389 Rejected data, how to indicate__-.____-___-_- et 

389 Rejected data, justifying.__________________- 815(m) 
ves “Remarks” and notations___.__________-___- 815 

256 Importance of —— = =22-.-2e3--e +4 es {reo4 

390 Responsibility for —— _______-___---___-_- 3413 
391 Verifier’s'use of ——__ =. -.-.- 2) 22 9331 
391 Responsibility for —— ____________________-- 818 
391 Responsibility of officer-in-charge___________- 3412 
390 reviewed daily by hydrographer.._._______- 818 
390 Rocks passed, to be noted__________________- 363 
390 Sextants adjusted and checked, recorded 

itj————" 2S eee eee 4517 
389 Shoal examinations, record of--___----__- ____ 3666 
254 Smooth sheet 
389 compared with Sounding Record ---_------- 7911 
392 plotter’s entries in Sounding Record___-_--- 7624 

plotter’s initials in Sounding Record______- 7916 
753 to agree completely with corrected Sound- 
758 in@RecOrd ._.-=— 2-5-2522 eee 825 
759 Sounding(s) : ‘ 
209 apparatus identified in Sounding Record -- 8132 

apparatus standardization___-__----------- 134 
303 Geographic position of beginning of —— 
774 ol: eee ee ee En ea 
769 lines, irregular, to be noted_----------_- _-- 3352 

not shown on smooth sheet identified in 
716 Sounding Records2222. 7725 



Sounding Record(s)—Continued. Reference 
Sounding(s)—Continued. 0. 

of two sheets entered in different volumes_-- 81 
reduced and checked at Processing Office - _- oot) 

Speed changes to be recorded___------------- 3461 

Stamps, rubber, standard (list) _.-__--------- 954 

Si pervision Ofj———"o-2 ee ta eee ae eens {a8 

supplemented by other records_____--__----- 83 
Survey personnel to be named in —— ______- 8131 
Tangents, angles to; height of eye to be re- 

CONG EG sca a es Dees yt see oe 33360 
Tide station entries required______________--- 4672 
Limes Correctness! Of=-- 223 sass. En Set 4542 
BietMemecOLdmes see = 2 = tl Ee Le 81 
title page, completion of____-_____._--------- 819b 
Topographic revision data recorded in —— __ 381 
transmitted(separately.2.- =.=) oie 836 
Turns between lines, recording.__________-_- 3454 
MNTNSPrecongine= — —* -- =a ah se eee ae. 3463 
Werifiersisel0f—" «222 + owas ee alee 9331 

Wire soundings, recording__-_-.-----_---_-_- aa 712 

Spacing dividers (see Dividers, spacing) 
Spacing positions (see Positions, hydrographic, 

frequency) 
Spacing soundings (see also Soundings, fre- 

quency, and Soundings, spacing) 
wit Sspacingedividers-—- _ 228-2 Sa as 4813 

Spacing sounding lines=—=---4- _.. sata sake 315 
Woastallarcas: Se ass =e sek eee een 3151 
Imsid@swatersstes*- 26 tree a Set hn 3152 
Maximum —-, specified in project instruc- 

WOT oes Se ee ee 315 

IRGGuUCIN SRSA CiN iaeeta oe aaa ne eS eS UNE IOUS {er 

Authorization for ——___-__________-______- 1214(c) 
Reguirements, cenerales os sees = hey eee So - 315 
Sheet, practicable limit on__________-_-_----- 315 
Shoal "development = Se Bee ee Pee 3662 
Table for ——, by scales_.__._-__-_-_-_-_____- 315 
Vmod H ON hhh ee a ee ae 376 

Special instructions (see Project instructions) 
Special publications, C. & G.S. (list)________-- 952 
Specific gravity of sea water (see also Salinity of 

sea water) 
Apparent ——, definition___________________- 
Measured ——, definition.__.________________ 
Measuring —— with hydrometer___________- 
Precautions during measurements 

Specimens, bottom (see Bottom characteristics) 
Speed, motor, echo-sounding instrument (see 

Motor speed) 
Speed of rotation, Dorsey Fathometer index 

disks) (formla) seas. a8 st 5243 
Speed, survey vessel 
determined by using spacing dividers______-_- 4813 

determined graphically. _________ salar ape WA. eee 

TMG AN CCLOUSIWALETS ee eee ee eels ore (Bes 

scales, graphic 
WonStruchionmestree sae es eae See ee eee y 
Descriptions j2-=- == 
MM ethodtotuseee nase = EAE Weta 2 34 
on boat sheets 
LeveCg OO a ee a ee ee 

Sounding —— 
changes 

accounted for in smooth-sheet plotting... 7721 
Numbering positions at —— ____________ 3312(b) 
Positions to be taken at —— ____________ 3461 

3141B 

Taso no bays —— eS ee tet 

815(i) 
Dead-reckoning —— ______________________ 3374 
IE}GHO-SOUTG IN oi— a ee 3461 
Hand-lead sounding ——____--____________ 3461 
Reducing —— in dangerous waters________ 3461 
(Wmifonmity. Of m——" So ae 8 ee 3461 

Speed trial courses in Coast Pilot_..._._______- 916 
Spelling of geographic names__________________ 162 
Sphericaliexcess2 x. 2-2-8 eee, 2212 

(its: 7) a oe ea See 2212 
Hpheroidiofireference. o)ssaeee-=. 2 See 2171 
Pplrevdennition= ews = se ee 8534C 
Splicing sounding wire (see Wire, sounding) 
Spliteiix denn tions sss seeing Ae. 3335 

Splrnxploutingsa. 222) ee eee neem SS 7655(b) 

Splits, sounding line 
Dofinitione sss) 22 eee ne eee eae 3241 
Depth curves, —— normal to_1_-------2-___- 3141 
Distance angles, —— run by using__------.-- 3143 
in R.A. R., difficulty in running____________ 6832 

INDEX 

Reference 

Page | gplits, sounding line—Continued. No. 
753 reguired/occasionally.s-------------------se5 3243 
845 Shoal areas, —— to delineate__---_---._-____- 3621 
262 Shoals; ——'to locatesa2-— == 222242 525522 - 315 
264 Spacing, economic, provided by using —— __ 3151 
871 Where required 222-544 +222- 22522-52545 354 
251 Spray gun, for whitewashing- --------_-------- 276 
769 Spreading of sound (see Sound, spreading of) 
774 Spur, definition => s8<- =.= = tae re 1682e 
759 Squares, method of, used in changing scale___- 7562 

Squat (see also Settlement and squat) 
220 ‘Definitions. 22 ~~ B= oo Se ee eae eno 553 
399 Stack, definitions. 22 sasea4ese- ake sii Le 8534 
381 Stamp No. 31, Graphic Record, use- ---------- 57(k) 
755 Stamp No. BR Sounding Apparatus, draft 
769 measurement recorded in___-_----_.- 5512 
296 Stamp No. 35 used in simultaneous com- 
785 DALISONS. eae eee ee aaa eee 5522 

a8 Stamp No. 41 for chronograph tape__---------- es 42 

849 Stamps, rubber, standard (list) _.._------------ 954 
257 Stamps, rubber, use (For the use of any specific 
754 stamp, see reference number in list of 

stamps in 954 on page 871) 
Standard meridian, use for time-_-_------------ 151 
Standard time 

to bewsedunirecordS ea) sere = oe = 151 
Use in hydrographic surveys- --------------- 8142 

421 Standpipexdeinition= == 85340 
200 Star(s), in navigation 
201 altitudes (see also Astronomic observations, 
202 and Sextant angles, vertical) 

Predictionyotim—— oe ese eee 3387B 
200 azimuths pred Chon Ole eee eae 3387B 
200 Daytime Observations sasess= sea see eee ae 3387C 
271 Finding —— in sextant by_--_-____-__-------- 4524 
11 bringing <downe topnonizonees === aos 4524 (a) 

200 bringin gonzon pe ae 4524(b) 
200 predictedjaliittudess = -s5 nan eo 4524(c) 
283 identificationub yeas 2s 3387B 
201 COMPUCATION a2 =o ee ee ee 3387B 
295 star chante... 2-0: Se ee eee ee 8 3387B 

Star finden(chartstas sane nn 3387B 
868 Stanidentificationitab lessee ee 3387B 

identification chart, construction of___---_--_- 3387B 
sight(s) (see also Astronomic observations) 

584 IA CCULACYROLMONE S12 hn enn eee 3384 
584 Combining —— of two observers---------- 3387 
412 Pikes 2S. 2 ee wt ee 3387 

412 A CCULSGCY - 23 9258225 eee ee Ss tree JX 

Combining bright and faint stars_______- 3387A 
Compensation of errors in —— ____------ 3384A 
Computations == a eae eee 3382 

476 East and west error in ——______________ 3384B 
Figure of error in a——________________- 3387 

422 Charactenistic=————)Pes ease ee 3387 
426 Log readings, correlating with —— ______ 3381 
428 PO tGIN 9a) me ey tee 3387 
43 Selectionyofistars ss ses = ae eee 3387A. 

263 Plotting —— on smooth sheet____________- 764 
426 Plotting weighted observations___________- 3387 
426 Predicted altitudes and azimuths ________- 3387B 
426 Correcting ee ee Sooo 2 = de 3387B 
428 Recordsaunansmattale es ee ae eee 3387 
207 Tire ont alk © i de 3384C 
426 Wei g tins Go ee ree Vg fe, 3387 

State'coordinate:systemSees- 2-2 ees 7328 

719 Static, effect on chronograph tape_-__--------- 6851 
213 Static; whistlesmefinitionss = = saaee ea sie 6851 
264 Station(s), control (see also Control stations) 
199 Definition Bee ee eee 2111 

262 descriptions (see specific type of station) 
264 marks 

766 JAC ZATIUG ee 226 
235 Dimensions of standard disks__.__________- 214 
264 Disks GES UO Meese een ee 214 
263 established near old stations______________- 2261 
264 Legends to be stamped on —— ___---_-__-- 2263 
264 IMSS tr et ACL eee 2261 
835 Moving —— 
48 horizontally method s2-)-2--— 2262(b) 
70 tomearbyslocations===2- =" 22-2 20=_ af 8 2262 
70 BS GAN SAS KS Be ne 2263 
67 VELulcdlivepmMolnOGs eases en ee ee 2262(a) 

803 Old —— replaced with standard disks____- 2261 
Permanency of —— .-=--_ =. =-2_--.._- .. 226 

219 Relocation of nearby —— ____-__-__-__-__-_--- 2262 
Removing —— from abandoned sites______ 226 

702 Replaced ——, how to stamp disks__-_____- 2263 
Replacing — eter er ae kite Uso eee ese 2261 

208 eSet bin cyan en agin ary eyes STE ay tal ay oe 2261 
197 SUDSUTL ACen = ee 226 
200 Tile ——, unsatisfactoriness of___________-- 228 
946 Triangulation ——, requirements ________- 226 

PaGe 931 
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Station(s)—Continued. Reference 
marks—continued. No. 

TRY PO NOWAUSCG « s2e 5 ose ee ee . 214 
Types formerly used______- Ses See 214 

names (see also Control station names) 
used for'reference. 2 22 82 69 ae eee 215(a) 

Recoverable ——, definition. ________________ 214 
Sextant locations recorded in separate volume 8321 
Spacing requirements for hydrography-_-_-_- 212 
Temporary —— not described______________- 2142 
Three-point locations, classification__________ 211 

Stations, current (see also Current stations) 
to be shown on smooth sheet_______________- 7865 

Stations, R. A. R. (see R. A. R. stations) 
Stations, tide (see also Tide stations) 

to be shown on smooth sheet_____-_-_-_--__- 7865 
Statistical and cost datas ee 156 
Statistics 

Field —— required in Descriptive Report__- 8431 
Office —— required in Descriptive Report___ 844a 
Season’s report requirements. ______________- 8515(f) 
Sounding Record requirements_____________- 8161 
Units used tin} —$_ ee eee eee 124 

Steel towers 
Descriptions =<-- 22 -5-— ee ee ee ee 273 
used as hydrographic signals________________- 273 
sediasswatensipnalse see: = es = see eee 274 

Steering repeater, of gyro system_____________- 4422(b) 
Stellite 
Com position0l, ——2=s2-- ee ee 4514b 
used for sextant mirrors==—— == eee 4514b 

Stop and ahead properly reported in Sounding Jere 
Records) <2 2 Ee Ee wee 4 8142 

SCOp wa Lhe oe eae ee ee ae es 4544 
Use in astronomic observations_____________- 3384 
Use in hydrographic surveys_____________-_- 4544 

Stopping survey vessel engaged in dead reckon- 
TR paws 2 2 td vn A ON 3374 

Storms at sea 
Study 0 ftw wn oa I ee :___ 1452 
Weather report of ——-------.-:22-+=2-=-2==2: 1451 

SLONMS, sMASICUIC =. Sa ent ee SES = oe he 4415 
Storm warning stations listed in Coast Pilot___ 916 
Straighted este. a2 ess ee te. or Se 4831 

Care Of see ot set 2 2 DI 4831 
IDESCrIpvLONe= 25 a= = = = ee es 4831 
Lengthsiavailable sess ene se eae 4831 
eRES ting ——— es Ss ee 4831 
Testing —— before use_____________________- 7322 

Stranded wire (see Wire, sounding, stranded) 
Strays, echo-sounding ===" 2=2.2 es 2s] Eee 5147 

5147 
IG AUSeS fe MIRE as 5 ae SEE ERE DU AE I 5267¢ 

5 542 
Characteristics 222. 9= 22-2 s==s> = sss nena 5147 
Definition Sees 2S sesh oot See RY ee ee 5147 
Distinguishing —— from bottom echoes_____ 57(h) 
on fathograms not always distinguishable 

fromtshoals] 22>" Jef AU ees ee 571g 
Strays from sono-radio buoys (see also Chrono- 

graph tapes, strays) -__.-..__..--1___ 6852 
Streams 

Coast Pilot'requirements_ “295-2 2 es 914 
Geographic names of —— __--------- 1671 
Merminolozysused 2222 = === === See ee 1682c 

Striker-type transmitting unit__..._._._.-________ 5161D 
Stroboscope function ofss t= = sss sages 5243 
Structures used as control stations.__-_________ 247 

Identifying —— before use-___-_____________- 225 
S-turns*y plotting ee ee ee ee 7653 

Style Manual, Government________-2-1_______ ‘orn 

Stylus, chronograph (see Chronograph, stylus) 
Stylus, echo sounding (see also under name of 

specific instrument) 
Insufficient pressure of ——, effect on fatho- 

571c 
ATT SSRN: kos aa aE a. 118 

Subaqueous distances (see R. A. R. distances) 
Subaqueous explosions, probable frequency of 

SQUNC< > 52 55s Sa es eee 656(b) 
Subaqueous sound ranging (see R. A. R. ) 
Subjects, special, to be included in Descriptive 

Reporte 25os a ae ees eet Soe 842T 
Submarine 

depressions, approved terminology__________ 1682d 
elevations, approved terminology____________ 1682e 
relief (see also Slope, bottom) 

Control buoys referenced to —— __________ 2536 
Selectioniofisites 5: iene eee ee 2536 

Depth curves, —— represented by_______ -- 353 
interfering with sound propagation________ 2574 

Offshore ——, value in navigation_________ iE 

*similar to adjacent land___.________________ 3531 

Sounding at irregular intervals over —— ay 

INDEX 

Submarine—Continued. Reference 
Page relief (see also Slope. bottom)—Con. No. 

3 Steep ——, best sounding line system for- Aa 

Terminology approved_-_--__-._._.____- ae a 
64 topography 

ar illustrated on fathograms.-.-_____________- {on d 17 

61 IROPOrU OD nn ee en ae 8582 
64 valleys and canyons 
60 Bottom characteristics in —— _____________ 3842 

Echo soundings in —— ____--______________ 563 
744 Hydrographic surveys of —— _____________ 122 

; E 5 3111 
2 Wire soungings)in —— -.-.25. 222. ee 

“42 | Submarine Signal Company____--_____._-_-._. eee 

791 Subplans on hydrographic sheets___.__________ ar 

792 Subplans on smooth sheets _____-___-______-___- 7751 
796 Subsurface station marks, requirements_______ 226 
767 Sum angles in triangulation observations______ 2216 
15 Sun 

azimuth(s) 
158 Accuracy of —— in buoy traverses_________ 2525 
158 Back-azimuth computation ____-____________ 942 
158 Buoy to shore stations —— in buoy locations. 2524 
340 combined with distances in buoy location 2525 

computations... -=tS eae 941 
365 Correcting —— for buoy scope____________- 9432 
365 Direction, preferable, of —— observations__ 2543 
761 Formulas connected with —— ____________ 941 
762 Personnel needed for —— operations (table 
382 2)... SR eet ae? eee 142 
240 Sextant, use of, in measuring ——_________ 4526 
382 Wsetin buoys lOCatlOns= sss = eee 2523 

Hydrographic signals, —— reflected from____ 271 
235 Searching for shoals, position of —— ________ 3623 

sights (see also Astronomic observations) 
35 Accuracy of one sight=-= = ee 3384 
35 Altitudes preferable= = ss 3386 

338 Dead-reckoning line adjusted to —— ____ 3383 
839 Frequency requirements_---____________--- 3386 
429 Meridan altitude’sight22 =) es 3386 
430 When tostake —— Sh Pe) ee 3386 
429 Sunken rocks (see Rocks, sunken) 
429 Supersonic frequencies (see also Frequencies, 
429 supersonic) 
668 used in €chojsounding__—_ ___- -U 22 seare 512 

Supersonic frequency units, directional proper- 
445 tego Fao se 2 os el Se 563 
445 Supplemental instructions____-________________ 121 
495 Surface of sea water temperature, measurement 
504 Ofe. sek eS ee eee 6321 
446 Survey(s) 
445 Air photographic —— (see Air photographic 
543 survey) 

buoy (see Buoys, survey and Buoys, control) 
549 data 

Charting ——, preliminary report of______- 1761 
652 Disproved —— reported in Descriptive 

Report. S28 26 ee 3521 
823 of other organizations, transmitted to Wash- 
‘52 Lngton Ofna. 25 - eae  e 834 
55 equipment 

451 @are ofS 2 32 ee 4312 
476 ofa Jaunch. == = eee 422 
109 ofthe:Haploner- 225s eee 4122 
78 Geodetic control, —— not connected with ___ 392 

710 Hydrographic —— (see Hydrographic surveys 
839 and Hydrographic sheets) 
841 Old —— (see Prior surveys, hydrographic) 

methods, nonstandard, report on____________ 8581 
Minor —— (see Field examinations) 
New — recommended by Coast Pilot reviser 9133a 
numbers (see also Field numbers of surveys 

544 and Registry numbers of surveys)_-- 154 
547 Field ——, on smooth sheets______________- 793 

Registry ——, on smooth sheets. --_-___-_-__- 793 
Offshore large-scale —— (see ‘‘Circle’’ sheets) « 

613 operations (see also Project) 
Advance plans for —— _____-____----*____- 134 
Completion of —— at end of season_______- 1342 

790 Division of —— between survey units_____ 135 
en route to working ground _______________ 17 

55 Parallel progress of —— _____-_________-_-_- 135 
55 Planning @—— 2.8 13 

Priority of certain —— ________---__--- 1341 
125 Sequencetof —— 4 si Ws EE ee 1341 
125 Other organizations’ ——, correlation require- 
270 THIGERUS ny i 2 ee eee eee 916 
146 Prior —— (see Prior surveys) 
13 sheets (see also Hydrographic sheets) 

193 Completion of —— at end of seaSon_______- 1343 
270 Inventory of —— required in season’s re- 
258 Oltie aa es na ee eee 8515(7) 
258 ships (see Ships and Vessels) 

Page 

198 
198 
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Reference 

Survey(s)—Continued. No. 
U.S. Engineers ——, use_______-___________- 916 
Wire-drag —— (see Wire-drag surveys) 

Surveying, land; reference books (list)_________ 9533 
Swell, allowance for sounding in_-_____________ 3421 
Swell (submarine feature), definition. _________ 1681¢ 
“Swinger,” definition _____ eee ees MEE 3332 
SOMWINeeL A Nxes) DlOUtIng == >= 7625(c) 
Symbols (see also Symbolization under feature 

name) 
Circular ——, drawing with drop bow pen___ 4841 
Degree and Tin Tyg act de ane 7323 
Nautical chart —— (illustrated). = fig. 189 fol. 
Smooth-sheet —— 
Neat but not artistic. _____ ee a aes 785 
Special —— not used on charts____________ 785 

Standard —— to be used on smooth sheets___ 721 
Synchronous motor (see also under Dorsey Fath- 

ometers) 
Dorsey, Fathometer, No; 1-222 eee 5243 
to control speed of echo-soundinginstruments 5165 

. Synchronous speed (see under Dorsey Fathom- 
eters) 

Systems of buoy control (see Buoy-control 
schemes) 

aL 
Tables 

Conversion —— 
Hat honismattapeda: #2 Se Gein sel Sev hey 963 
DEG ow sn 2 lu oe a can MD lg a SE cl 963 
IRSUOTMEUEIS eee ee nee oe a Lee 963 
IWFCLErS mee een ene mer ers pie iN Se Tet A 963 
Wiles naiivical a=) des iss seo ee ee 963 
WMnLESS Statutes eae ete ee ee = he RTE. BE 963 
SIGTUES Gy AE 0)? Sas Se a ae eee Sea ee 963 
Temperature, centigrade_________________- 963 
Temperature, Fahrenheit..---____________ 963 
NGA ORS 3's 21d 5 lai Pe Pa a ae 963 

Eiali-cosecantsematinaloes 5!) 2 or ee 964 
Half-cotangents, natural____________________- 964 
LE® OASURE TOUS te eo ee ee Sed ae TEE 916 
iPressurescorrectionsy 2 22) === --- 3} YP 9611 
MWAMItVCOLLECUIONS! 2324) - 2) 2 58 Syenietae 9611 
Trigonometric functions for ‘‘circle’’ sheet 

COUSULUICLIO Tee nee sae See 964 
Velocity correction factors for use in echo 

SOUNGIN Ge erate ener ee ee 9613 
Nelocitivzoiisommdza: = =-- 2) = 5s ee ee 9611 
Velocity reduction factors for usein R.A. R__ 9614 

Tachometer, reed, on echo-sounding instru- ~ 
ments (see also under 808 and 312 
MSTHOMBLES)2 setae ete ee 5165 

ODETAL ON Peeps cee el ea ey Hew 

TOON Ge ee ee eS eee nae 5165 
EeRIOSOSee se ape: Senn, eee ee ee 5165 
verification and adjustment (see under 808 

_ and 312 Fathometers) 
Taffrail log (see Log, ship, taffrail) 
Tale; used’on tracing cloth = -2_- =. - = -_____: 7141 
Tallow, used for arming lead___------_________- 4664 
Mani eMContlOle se eee en eee 3366 

Standard maneuvers of two ships on turn___ 3366 
Tangents, shoreline 

below the visible horizon 
Angles to —— __ Saxena BEINN) 
Height of eye to be recorded________________ 3336D 

Sextantianeles| tO —— 2 ee 33365 
usediin three-point fixes: 222-2 ees. 4 jee 3336D 

‘Tanks for acoustic units 
(QUITE ak US ete lt SOs 2 tee ee 543 
SS DECLICAMLOL See ere emer eee eee 543 

Tanner-Sigsbee reversing frame______________ 4721 
Tapes, chronograph (see Chronograph tapes) 

Taut-wire 
apparatus (see also Taut-wire measurements) 

Calibrations. 9202. ee fenem Pape 4 wd _ 4467 
along a known distance__________________ 4467 
Cyclometer wheel measured directly_____ 4467 
Frequency of —— __.__.._._2=.-_-------- 4467 
IWethO GS 3. De te ong eh pp Ley eye ey 5 4467 

(OF AWE Wah rv Se ee ae eae eee 4464 
COVOIS- Swat a tReet Yemen, ty it. 4464 
cyclometer wheel, dimension______________ 4467 
Descriptionigencrale = ee 446 
Distance measurements with ——_______ _ 4466 
Distance to be used in calibrating —— ____ 4467 
Errors caused by inaccurate calibration____ 2564 
Grease from new reel of wire _____________- 4464 
TISUOR ys eeaes ee bese eT __ 446 
INIStAll ation net oo eee ood ORT 44G3 
Large —— 

@apacitivep wiles ss nes s A ry 4461 
Mescriphion  speciticnsee se eNee Te 4461 
Dimensions: 4444 sage Oe 4461 

INDEX 

Taut-wire—Continued. 
Page apparatus—continued. Reference 
826 large—continued. No. 

Weight of standard and reel full of wire__ 4463 

a lubrication. ______- Se a er sapiens & (1405 

54 Measuring distances with —— ____________ 4466 
217 operations. «7. =. 25 ee 23 4461 
702 Preparing —— for use_______--______-_____ 4465 

Small —— 
Capacityinwiltes: seer ees 2-2. ok 4462 

432 Descriptiones-=—-ce ewes se Fe ne 4462 
669 Dimensions). 52248 SRA hie ft On 58 4462 
888 Tensionyon \wiresee see ee 4466 

Use in locating control buoys______________ 4466 
743 Use iniranningisiinve vases ee eee 3941 
743 Wire, arranging on —— __________________ 4465 

GS distances used to locate control buoys_______- tees 

measurements (see also Taut-wire apparatus 
475 and Traverses, buoy) 
454 Accumulative errors of ——___.----_______ 2525 

JA CCULHCY iO lima 5 oe ee ie ea 4468 
Courses, straight, to be maintained________ 4466 
IMA CCUrAClES HiT ee en 4468 
Passing buoys during —— _____---________ 4466 
Personnelldutiesses=2 eee eee 4466 
Personnel requirements______________-_____ 4466 
Preliminary run required at Doe erate ace 

Of a 9 tes ee pl ein so EE 4468 
ae IRECOrgOLODSELVALIOUS sees eee een 4466 
883 Speed! of Ships eee ees _ 4466 
882 Unknowntiactors inl ———- eee eee 4468 
883 Wire, cutting, at end of —— ______________ 4466 

traverses 
883 Control buoys located by —— ____________ 256 
884 Geodetic datum established by ——_______ 2564 
883 Personnel needed for —— (table 2)_________ 142 
a Records and reports required (list)_..._____ 8351D 
88 Records Tequired ss 5.2 ae eee 8323 

5 Taut-wire sun-azimuth traverse, accuracy of___ 213 
885 Telegraph and telephone line clearances 
839 Bield (data required =e a 3836 
875 Smooth-sheet requirements___-....__________ 7846) 
874 Telegraph snapper (see Snapper) 

Telescope, binocular, sextant (see Sextants, 
885 telescope, binocular) 
879 Telescopicialidade: 23-2 eee 4435 
873 Nd vantagestet 2s eee ert ae So 4435 

: Bearings witht —— 2 2 eee eee 3361 
881 “A(CCUraCcy: Of ——=—1 a eee susie 4435 

IDESCrIP TIONS. = 5 ee ee 4435 
455 Temperature(s) (sea water) (see also Ther- 
455 mometer, deep-sea) ___________ eee 632 
468 Accuracy requirements for echo sounding ___ 6313 
455 Accuracy requirements for velocity correc- 
454 iOS Ek}: 2S SSeS ree ee 5612 

Average —— conditions assumed in R. A. R__ 6362 
Coastal:-waters: 22 5) ae es 632c 
Continental Shelf ——- ___-________-_________ 632c 

662 conversion tablesMs-ee ee ate ean ee ees 963 
398 curves (see also Bathythermograph) _________ 6342 

231 Alaska, offshore —— _____- he lS ee ee (eo; 30 
232 : ffig. 130 

Atlantic Ocean, offshore —— ______________ \632f 

: Colors used in plotting —— ___.------_-___- 5612 
a0 Current, water, effect on —— ___.-_______- 632c 
220 Defi ni ti UE ea ae a eae eee ee a tee - 632 
22 Factors affecting —— ..____.________- Wy S632. 

0 Inking ya es oe _. 6342 

505 Mexico, Gulf of, offshore —— ____________- {hg 130 
505 = 5 pare ffig. 129 
405 Monterey Bay, California___._._____________ (632d 

F A fig. 130 Pacific Ocean, offshore eI nee 

- 5612 
358 POG G0 eee eee ne tee jee 

359 Depths exceeding 120 fathoms__________- 5612 
358 Preparation, for velocity corrections in feet_ 5615Be 
358 PG pOse he sees ee ea es _ 6342 

ae Records to be transmitted______________- hey 

355 CLIRVGS SIC arene ae ee eee ere ae 5612 
358 PA Ot tin oe es Pe Se 5611(1) 
352 Preparationwes snes = aoe 5612 
356 Graphicanethod eee ere fae 5612 
359 Mathematical method___________________ 5612 
141 Depth; —relationitowse2 ae 561 
355 distributioniyeeoreraphics 9-2-2 2-22) = 632a 
352 Diurnal variation in —— ___-- ERODE 
354 Epithalassa, definition. _—_.-_-_____- ___ 632a 

errors (thermometer)_______-__________ _ 4712 
353 Graph tof ee ee rer, pL eee _ 4713 
353 gradient 
353 Definition. __ ao pee 632a 

Pace 933 
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Temperature(s)—Continued. Reference 
eradient—continued. No. 

Effect on path of sound______.-..______..__ 6232 
reversal ;definition=<= 22 Ses a S2bes sees 632c 
reversal sefiect on R.A. Ri.- =. 5 === --- 632c 

graphs (see Temperature curves) 
Hypothalassa, definition. ___.-_._...-___--.. 6324 
layers used in velocity corrections__________- 5611 
Measuring —— while underway___-_________ 4732 
observations (see Temperature, serial obser- 

vations) 
Ocesniciareasyes~ =e set oe ares 632b 
Plotting —— (see also Temperature curves). 5611 
Published —— 

Atlantic Ocean_____.__ PSG spe tard! Fea 6322 
Gulfiof Maines usa is Se eee 6322 
Monterey Bay, California_-._........_-_--- 6322 

ranges in offshore areas_-_-_-_______-_______- te / 80 
Refraction of sound, —— effect on__________- 6232 
reversals (see Temperature gradient reversal) 
Seasonal change, importance of__..________._ 632 

Seasonal distribution near surface___________ tes 29 

seasonal variation in Alaska_________________ 5612 
seasonal variation in Hawaiian Islands_-_____ 5612 
seasonal variation on Pacific Coast__________ 5612 
Serial ——, definition_______..____________.__ 6321 
Serial —— observations 

ACCUrACyareMuUinedee en 5 = al 4714 
Bathythermopraphimses se) eae 6322 
Bottomlobsernvatiows een ee 6321 
Deepjobsenvationse= 2) 0 eyes Seat 6321 
Definitions ste eee 353 ye A Ria tp | 6321 
Depth interval requirements. _____________ 6321 
Echo sounding, —— for use in_____________ 6322 
Expediting —— 3. so ee Pee ie ag 6321 

Wrequencyee soe ea ee ee ae er eee Nees 

depends on velocity variation. _________-_ 6322 
Varies; withilocalityaasoes ae. ses 6322 

in deepest area of survey___________-_--__- 6322 
Instruments for —— ______________ <2 at 6321 
Miethodteeee =~ 7 beep yet 6321 
Plotting ——— So 2 ee enh ae TS 5612 

: . 4713 
IERTECAULIONS req Wired ae = see eee ten 

IPrOCed Une Pinte eee = Fe 6321 
where depth is known_-_._-__---_------_- 6321 
where depth is unknown_-___-__-_____- _.. 6321 
where temperature variation isunknown_ 6322 

TECONGS = eee a Ss ee 5s ae eae re 6341 
Tequired:..253.4" Sie he fae 8331 
Mransmittal: -2-25222 22 <2 ae a ie 6342 

Ship maneuvers while taking —— ________ 6321 
Surfaceiobsenvations.- 22) ees = eee 6321 

Thermometer corrections_________________-_ (ans 

Thermometer standardization_____________ 6321 
‘Time required for——"2 2 6321 
Times of making —— _____________________ 6322 
using insulated water bottle_______________ 4716 
where temperature reversals occur_________ 6321 

Solar radiation the principal agent affect- 
TT yj nt te se ipsa gt os as 632 

SHMMeT AN Axe ee ee enna 632 
Surface —— 
Continuous record of ——_________._______ 478 
observationssmethod=-- == a anne ee 6321 

Thermocline (see Thermocline) 
Velocity of sound, —— effect on_____________ 63 
Vertical distribution, importance of________- 632 
iWin ermimini Tires seen eee eee eee 632 

Templates, celluloid, use in radial-line plotting_ 2391 
Templates, lettering (see Lettering sets, me- 

chanical) 
Terminology 

Coast Pilots, standard —— for use in (list)___ 917 
Hydrographic reports, standard —— for use 

aT (is6)a= 2 oe ee et ee Re ere 917 
Submarine relief (definitions) _______- ae A 168 

Theodolite(s) 
Control buoys, —— used to locate___________ 2521 
Direction —— 

Adivarrtapeste 22 te eri enh eS Ses, CPA: 
Description =almes Pees ee 2214 
Horizon closure with —— _________________ 2216 
Initial settings for observations____________ 223 
9-inch —— used without tripods___________ 2214 

Drarin’ platesmtest forsa seen een ee 2216 
3361 PE Clorus) =—UseG! ag! = =e eee ee ee { 1436 

Repeating —— 
‘Advantagetnes si ae! oh ee 2214 
Initial settings for observations____________ 223 
(S052 ey eee ear ee en 2214 

set up on unstable ground. -___...-___..____- 2215 

INDEX 

Reference 
Page | Theodolite(s)—Continued. No. 

568 Stability necessary during observations---_-- 2215 
577 Sun’s rays, protection from_____._.__.-____-- 2215 
577 Thermocline(s) 

Definition 2:4. =. ...--...---. ft Se a 6324 
576 Diurnal ——, definition__.._-....._.-_..____- 632e 
529 Sound wave, effect of —— on_______________- 632a 
407 Stationary —— 

Definitions: -S303254 Fue eh he eee 632b 
Depthioi—— ek SS ee 6326 

576 in:coastaliwatersi#e. 22) 2n0 43 Saree 632c 
529 Summer —— 

DeLnitionee- ss sess a2. ssa eS ee 632b 
- 583 ‘Depth Of——|- > ee ae 632b 

583 in coastal'waters.— ---2322. 2.22... ee 632c 
583 Velocity of sound, effect on_________________- 632a 
578 Thermograph, sea water_____.-_-....-__-.-_--- 478 
579 Thermometers, deep-sea (see also Reversing 
568 frame, thermometer) _____-__-_______- 471 

Depths measured by —— _________-__________ 4715 
576 Protected reversing type______-.<____-_____-- 4711 
577 Calibration of ——2 = 2 eae 4712 
579 Degree-volume of —— ___________________-- 4712 
530 Descriptions Sse aes ee ee 4711 
530 HO wierad ated se sh ee ee 4711 
530 reversediibysmessencer._=_ = ee eee 4722 
579 standardized for serial temperature observa- 

Lions ee ee eee 6321 
403 Unprotected reversing type________-_________- 4715 
583 Three-arm device for plotting R. A. R. by dis- 
580 tance differences ae ae ae eee 6826C 
580 Three-barrel buoy, description____-_________-_- 2826 
579 Three-letter station names (list) 
580 Three-point fix(es) (see also Position, hydro- 
582 graphic, and Sextant angles)_..._____ 
581 Buoy anchors located by —— ______________- 2511 
530 from eccentric observation station____-__--- 2511 
582 Buoys as objects in —— ____________________-- 3337 
582 Relative strength of —— _________________- 3337 
582 Center object near, disadvantages__________- 3333 
582 Change of objects in —— ____________________ 3334 
579 Check angle required 

ond atidetachedspositionss== = = aan Vien 

402 when locating control buoys______--------- 2511 
580 Chronological description of a —— ___------- 3441 
580 closeito) stations; plotting. _—-----=- 7623 

Bt computations! 2-22-5225 eee een 

582 Control buoys, check-angle required in locat- 
586 vB OY rine ed Bee EO hens We Dh eo 2511 
782 Control stations on opposite shore used___--- 3333 
588 Control station selection for —— ___________- 3333 

ee Description, general, of a—— ______________- oe 

401 Description, specific, of a —— ______________- 3441 

ee Detached ——, check angle required_-_-__--__- Nee 

581 Distant control] stations combined with near- 
583 Dyastations'---22 = ee ee 3333 
403 Distant objects rat 
581 Difficulty of identifying——when approach- 

ine irom Seaw ards =e a eee 33766 
576 Retention of faint —— ______---___-_______- 3334 
576 Duties of personnel in taking —— __________- 3441 

Eccentric ——. computation________.___-___- 2511 
417 Hills and mountains used as objects___--_---- 3336a 
581 Inadequate ——, protracting____-_-----_-_--- 7625 

ar Indefinite objects used in —______._______- ae 
576 Indeterminate —! = 4 ae ee 3332 
576 Additional control data at —— _________-_- 3333 
100 Protracting——— =i ee eee 7625(c) 

Inshore ends of sounding lines, —— at__-__-_- 3454 
Inshore ——" 35-2 Sa eee 3335 
Measuring sum angle of —— ___---_-_-_----- 4522 

841 Nearbyiobjectsiuscd =e ee 3335 
Observing precautions for small angles____-_- 3335 

841 Orders and communications connected 
53 Wilt 2 EO ESE eT 3441 

plotted without protractor (see “‘Circle’’ sheets) 
117 Plotting —— where a control station is off 

the*sheet=2=_-== =. = 4536 
71 Plotting —— with three-arm protractor__---- 4534 
71 Principles of——=_ eee 
72 Protracting inadequate —— _ 
75 Protracting ——--. ._.. 5. See ae 
71 Range azimuths determined by —— ___-_--_-_- 3833 
WZ Ranges with shore stations used to locate 

227 UOySs. ooo. ees a a ae 

345 Recording ——, approved method___--__--_- (on 178 

71 ‘SR evOlVen) —— 2s ss See Be eee ae 3332 
75 ‘Protracting —— < .--.s..55- = eee 7625(c) 
71 Shoreobjectsiused = eee 3334 
71 Small angles to be accurately observed__--_-- 3333 
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Reference 

Three-point fix(es)—Continued. No. Page | ‘Tide(s)—Continued. Reference 
Bae angles i“ be ever ao ee a ay note a Be Page 
pacing soundings controlled by —— ------- Perr 3 791 

Snlip==—splaitings << 7625(b) 702 Descriptive Report requirements. ---_--.-- eae 793 
Stronethi Ole = 2 ss222-- ) == 25-222 25-2--- 3332 217 Final values inserted in Descriptive Re- 
Strength of various station arrangements DONG Seay Pit Fee ae 844c 793 

CISCUSSEG Se a ee See ease 3332 217 Final values prepared at Washington 
Stamlan gles iin | eee - 218 OffiGgee: oe aces ao aan 9323 848 
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SIMD er seChO mews meres Fs os ahs DZ 458 Use in survey operations_.__.--.-----..--- 152 36 
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1 0 WUC oe Same seaac eecoaat een aas Ss Agreement on topographic and smooth 

Tidal planes (see Sounding datums and Verti- et: See ae SE ee eee 15 691 
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Discontinuing —— ------------------------ (1438 33 3811 296 
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projections, accuracy requirements__-_-__- 232(a) 90 installation. 2222922 ei ees ee 449 
Projection used for ——= _...---=.--------- 7321 667 Semiportableim———o = nan ee 5161 449 
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Townet, for collecting plankton____--________- 478 417 Computations, feldes=s==s 2211 70 
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Arbitrary hydrographic name used______ 744 
Wengthiofjim——ws Se =  e eeeee= 2151 
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FRGCOVELY AO lt Rees ew es Se ne 225 
Reference —— noted on smooth sheet._____ 746 
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Detonating —— ___ ____ 666 
Handling —-, hand lotion ( formula) _- i Ses 666 

Handling ——, precautions required in______ ee 
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PLOCHLOMICM renee tenes at oe te Se SSE _ 666 
SLOG po __ 666 
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ment speed 

ACLVANUAC OS Sse ee eee hee Re _ 5165 
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80 Two-barrel buoy (see Buoys, survey, two barrel) 

Two echo-sounding instruments used in con- 
66 JULIO eee ere sew ho Stk eee 545 
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